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2-BROMO-2-NITROPROPANE-l,3-DIOL AS A NITROSATING 

AGENT FOR DIETHANOLAMINE:
A MODEL STUDY
I. S c h m e l t z  and A. W e n g e r

Division o f  Environm ental C arcinogenesis, N a y lo r Dana In stitu te  fo r  D isease Prevention, 
Am erican H ealth  Foundation. Valhalla, N Y  10595, USA

(Received  12 O ctober 1978)

Abstract—In a model study, 2-bromo-2-nitropropane-l,3-diol (BNPD), an antibacterial and antifungal 
agent, was shown to nitrosate diethanolamine and triethanolamine. The reaction between diethanol
amine and BNPD in aqueous solution was studied in some detail and was found to be pH- and 
time-dependent, nitrosation being most effective when the initial pH was 12 0, as in an aqueous equi
molar solution of BNPD and the amine. At this pH, the yield of N-nitrosodiethanolamine (NDELA) 
increased from < 1% after 1 hr to a maximum of 11% after 96 hr. Yields of the nitrosamine declined 
significantly when the initial pH was lower. Decomposition products of BNPD in alkaline solution 
include nitrite, bromide, 2 -bromo-2 -nitroethanol, 2 -nitroethanol, formaldehyde, 2 -hydroxymethyl-2 - 
nitropropane-l,3-diol and other compounds. On the basis of the data obtained, a mechanism is pro
posed by which BNPD releases nitrite ion, the assumed nitrosating species. BNPD is thus a nitrosating 
agent which is most effective in alkaline media.

INTRODUCTION

N-Nitrosodiethanolamine (NDELA) has been iden
tified by Schmeltz, Abidi & Hoffmann (1977) in 
tobacco treated with certain formulations of the 
herbicide maleic hydrazide (MH-30). It has also been 
found in industrial cutting fluids (Fan, Morrison, 
Rounbehler, Ross, Fine, Miles & Sen, 1977b; Zing- 
mark & Rappe, 1977) and in consumer products such 
as cosmetics, lotions and shampoos (Fan, Goff, Song, 
Fine, Arsenault & Biemann, 1977a). The presence of 
this carcinogenic nitrosamine (Druckrey, Preussmann, 
Ivankovic & Schmahl, 1967; Hilfrich, Schmeltz & 
Hoffmann, 1978) was attributed to the use of di- or 
triethanolamine in the above products, and to the 
amine’s subsequent nitrosation. In tobacco, nitrite 
present in the plant (Tso, 1972) seems likely to be 
the agent responsible for the nitrosation. Nitrite has 
also been shown to occur in certain synthetic metal
cutting fluids along with di- or triethanolamine (Fan 
e t al. 1977b). In these fluids, the latter amine under
goes nitrosation during storage, even at alkaline pH 
(Zingmark & Rappe, 1977).

2-Bromo-2-nitropropane-l,3-diol (BNPD) is an 
antimicrobial agent used in cosmetics and similar 
products, particularly because of its high activity 
against Gram-negative bacteria (Bryce & Smart,
1965). A previous study demonstrated that in tetra- 
hydrofuran at 70° certain characteristic C-nitro com
pounds such as BNPD are capable of nitrosating 
morpholine (Fan, Vita & Fine, 1978). In such a sys
tem, BNPD effected a 0-2% nitrosation of morpho
line.

The present study was undertaken to investigate 
the manner in which BNPD nitrosates amines of the 
type commonly found in cosmetic formulations, e.g. 
diethanolamine. As the subsequent discussion will 
show, BNPD effects the nitrosation of this amine in

aqueous solution at ambient temperature in signifi
cant yield (11% after 96 hr). The parameters (time and 
pH) that influence the extent of the nitrosation reac
tion will be discussed and a mechanism by which 
nitrite is released from BNPD will be proposed. This 
nitrite is assumed to be the actual nitrosating species, 
and when present with certain amines in consumer 
products is apparently responsible for the N-nitrosa- 
mines reported therein.

EXPERIMENTAL

C hem ica ls. The organic solvents used were spectro- 
grade and the other chemicals were reagent grade. 
Reagents for the Griess reaction (for nitrite deter
minations) and for the Volhard determination (for 
bromide) were obtained from Fisher Scientific Co., 
Pittsburgh, PA. Chromotropic acid, for the deter
mination of formaldehyde, was obtained from Aldrich 
Chemical Co., Inc., Milwaukee, WI, and trimethylsilyl- 
ating agents (Regisil) from Regis Chemical Co., Mor
ton Grove, IL. BNPD and diethanolamine were pur
chased from Aldrich Chemical Co. and triethanol
amine from Fisher Scientific Co. Purities of these 
materials were >98% as determined by chromato
graphic techniques. 2-Nitroethanol was obtained from 
Aldrich Chemical Co. and 2-hydroxymethyl-2-nitro- 
propane-l,3-diol from Pfaltz and Bauer, Inc., Stam
ford, CT. The latter material required purification by 
thin-layer chromatography (TLC) prior to its use as 
a reference. 2-Bromo-2-nitroethanol was synthesized 
by the method of Gold, Hamel & Klager (1957). The 
synthesis and properties of N-nitrosodiethanolamine 
(NDELA) have also been described (Schmeltz et al.
1977).

A p p a ra tu s. High-pressure liquid chromatography 
(HPLC) was performed on a Waters Associates 
Model GPC-204 instrument equipped with a 6000 A
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solvent delivery system, a U 6 K septumless injector, 
a 660 solvent programmer, and a 440 UV/visible 
detector. Chromatographic separations were achieved 
on a microporasil column (30 cm x 3-9 mm). Gas 
chromatography (GC) was run on a Hewlett-Packard 
Model 7620A instrument equipped with a flame ioniz
ation detector, and gas chromatography-mass spec
troscopic analyses (GC-MS) on a Hewlett-Packard 
system consisting of a 5980A mass spectrometer inter
faced with a 5710 gas chromatograph and a 5933A 
data system. For GC analysis, a 1-8 m x 0 32 cm 
stainless-steel column packed with 3% SE-30 on 
80/100 mesh Gas Chrom Q was used. A Bausch and 
Lomb Spectronic 20 colorimeter was used for deter
mination of nitrite following the Griess reaction 
(520 nm), and of formaldehyde following reaction with 
chromotropic acid (570 nm).

P ro c e d u r e s

R e a c t io n  o f  B N P D  w ith  d ie th a n o la m in e . Equimolar 
amounts of diethanolamine (0-53 g) and BNPD 
(1-14 g) were added to 2-5 ml H20  at ambient tem
perature. The pH of this solution was 11-5—12-0. After 
15 min, the solution turned yellow and gradually 
darkened, until after 6  hr it turned a deep red. At 
specified times, an aliquot ( 1—5 /il) was injected into 
the HPLC apparatus. The microporasil column was 
washed with a solution of 4% ethanol in chloroform 
at a flow rate of 2-5 ml/min. BNPD eluted at 3-8 min 
and NDELA at 60  min. The limits of detection for 
BNPD and NDELA were, respectively, <  3 p g  and 
< 15 ng//d of injection. Peaks were triangulated and 
compared to those from standards for purposes of 
quantitation. The pH of other reaction mixtures was 
lowered with HC1, at the start, to determine the effect 
of pH on the course of the reaction.

R e a c tio n  o f  B N P D  w ith  tr ie th a n o la m in e . The reac
tion between BNPD (1-14 g) and triethanolamine 
(0-75 g) was carried out and monitored as above.

A n a ly s is  o f  p ro d u c ts .  NDELA and BNPD were 
determined by HPLC as described above. Also used 
was trimethylsilylation followed by GC, as described 
by Schmeltz e t  a l. (1977). Identification of the reaction 
products was confirmed by mass spectral and chro
matographic comparison with reference compounds 
(NDELA. 2-nitroethanol and 2-nitro-2-bromoeth- 
anol).

The degradation products of BNPD in solution at 
various pH values were monitored for bromide and 
nitrite. BNPD (230 mg) was dissolved in 1-2 ml H20  
and the pH was adjusted to 12 0, 8  0 or 3-0 by careful 
addition of either 2N-NaOH or 0-5n-H2 SO4. These 
solutions were analysed at given intervals for nitrite 
by a modification of the Griess reaction (Furman,

Fig. 1. HPLC trace of the reaction mixture of BNPD and 
diethanolamine at 24 hr.

1962), after adjustment of the volume to 25 ml with 
water, and for bromide by the Volhard titrimetric 
method (Furman, 1962), after adjustment of the solu
tion volume to 5 ml and acidification with dilute (1:1) 
H N 0 3  (detection limits <1 and <500 ppm, respect
ively).

Formaldehyde was determined colorimetrically 
(570 nm) by reaction with chromotropic acid (Patai, 
1966; detection limit <  1 ppm).

RESULTS

HPLC in conjunction with a UV detector was used 
to follow the degradation of BNPD on reaction with 
diethanolamine, and the formation of NDELA (Fig. 1). 
More peaks" were evident early in the reaction, includ
ing those of 2 -nitroethanol and 2 -nitro-2 -bromoeth- 
anol, both of which eluted well before BNPD and 
NDELA. The effluent corresponding to a prominent 
peak emerging between BNPD and NDELA was 
apparently unstable. On collection, it decomposed 
into NDELA and other compounds, as seen on re
injection into the chromatograph. The peak in ques
tion also decreased in size and eventually disappeared 
during the course of the reaction, and was not seen 
at all in solutions of BNPD made alkaline with 
NaOH rather than with diethanolamine. It is evident 
that under these conditions instability is a feature not

Fig. 2. Gas chromatogram of trimethylsilylated (TMS) reaction mixture of BNPD and diethanolamine.
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Fig. 3. Formation of NDELA in aqueous equimolar solutions of diethanolamine and BNPD as a 
function of time at pH 4 0 (O), 8-0 (•) and 12 0 (■).

only of BNPD but also of some of its degradation 
and reaction products. One such reported product, 
2-hydroxymethyl-2-nitropropane-l,3-diol (Bryce, Cro- 
shaw, Hall, Holland & Lessel, 1978) did not produce 
a peak in an HPLC unit equipped with a UV detec
tor, nor was it demonstrated by GC of the trimethyl- 
silylated products of the BNPD- diethanolamine reac
tion. BNPD and NDELA, however, were easily de
tected in reaction mixtures by GC of their trimethyl- 
silyl derivatives. In this case, a peak attributable to 
diethanolamine was also seen (Fig. 2). GC-MS con
firmed the identities of these materials.

Mixing equimolar amounts (5 mM) of BNPD and 
diethanolamine in water (5 ml) produced a solution 
of pH 12 0. Under these conditions, levels of NDELA 
increased gradually, reaching 11% after 96 hr (Fig. 3), 
and 30% of the initial BNPD was fairly rapidly 
degraded. Lowering the initial pH of the BNPD- 
diethanolamine solution reduced the yields of 
NDELA. Nitrosation by BNPD obviously occurred 
more readily at higher pH. After about 70 hr the rate 
of formation of NDELA began to slow down. This 
decrease in rate may have been related to the gradual 
lowering of the pH of the reaction mixture with time 
(Table 1).

Like the formation of NDELA in BNPD-dieth- 
anolamine solutions, the formation of nitrite and

Table 1. Form ation  o f  N D E L A  in equim olar aqueous so lu 
tions o f  B N P D  and diethanolam ine

Time
(hr)

NDELA formed

pH* ttg/litre %t

0 120 _ _
1 8-5 425 006
3 8-3 4100 0-61
6 81 6740 100
24 60 14,800 2-21
48 5-5 46,500 6-94
72 5-4 69,100 10-3
96 5-4 73,500 110
114 — 73,800 110
144 — 74.500 111

*pH of the reaction mixture (containing initially 5 mmol 
of each reactant in 5 ml H20  at pH 12) at the given 
time.

fPercentage of theoretical yield.

bromide in alkaline solutions of BNPD is time- and 
pH-dependent. The formation of these ions in BNPD 
solutions at different pH values was measured in the 
absence of diethanolamine because the orange to redd
ish colouration resulting from the reaction between 
BNPD and diethanolamine interferes with the deter
minations. The degradation of BNPD in solutions 
made alkaline with NaOH was assumed to be analo
gous to its degradation in solutions made alkaline 
with amine. (Bromide, nitrite and formaldehyde were 
also identified in BNPD diethanolamine solutions.) 
The rate of release of bromide and nitrite from BNPD 
at pH 12 0 was maximal within the first hour (Table 2; 
Figs 4 & 5). During this period, bromide formation 
was 100 times faster than that of nitrite. Nitrite con
centrations may be higher in NaOH-adjusted than 
in amine solutions of BNPD because, in the latter

Table 2. Brom ide and n itrite  levels in aqueous so lu tions of 
B N P D * as a function  o f  tim e and pH

Time
(hr)

Concnt (/tm) of
Rates of formation 

(gmol/mmol BNPD/hr)

n o 2 B r NOJ Br“

0-5 0-8
pH 12 0

80 1-4 139-2
1 51 120 4-4 104-3
3 6-3 140 1-8 40-6
6 7-4 200 11 29-0
24 10-7 200 0-4 7-2
48 12-2 200 0-2 3-6

0-5 003
pH 8 0

006
1 0-2 30 0-2 26-1
3 0-9 60 0-3 17-4
6 1-3 100 0-2 14-5
24 30 120 01 4-3
48 3-2 120 006 4-3

0-5 _ pH 3 0 _ _
1 — — — —

3 001 — 0003 —

6 001 — 0003 —

24 002 — 0001 —

48 002 — 0-001 —

‘Initial concentration: 115 m M  in 5 m l H20 ; pH adjusted 
with NaOH or H2S 04.

tWhere no value is given, the amount was below the detec
tion limit.
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Fig. 4. Formation of nitrite in aqueous BNPD solutions 
at pH 3-0 (O), 8-0 (•) and 12-0 (■).

case, additional nitrite is consumed as a result of the 
nitrosation reaction.

As with NDELA, the formation of bromide and 
nitrite occurs most readily at high pH. It is for this 
reason, and because of the presence of formaldehyde 
in alkaline BNPD solutions (reported by Bryce & 
Smart (1965) and confirmed in this study), that dieth
anolamine (as well as triethanolamine; Table 3) un
dergoes the rather facile nitrosation observed in this 
work. At pH 120, the level of formaldehyde reached 
a plateau at 0-8% after 3 hr, at pH 8-0, it reached a 
level of 0-5% in the same period, and at pH 3-0, no 
formaldehyde was detected until after 24 hr 
(<0005°o). BNPD is apparently fairly stable in an 
acid medium, undergoing virtually no degradation in 
concentrated sulphuric acid.

DISCUSSION

The results obtained demonstrate that the anti
microbial agent, BNPD, commonly used in cosmetic 
preparations, readily degrades to yield nitrite, 
especially at high pH. Diethanolamine, also present 
in certain cosmetic formulations, is easily nitrosated 
under these conditions, thus providing an explanation 
for the reported presence of NDELA in cosmetics and 
similar products. Formaldehyde, shown previously 
and in this study to be another degradation product 
of BNPD, would probably catalyse the nitrosation 
in alkaline medium (Keefer & Roller, 1973). The 
nitrosation is a slow reaction, and the level of 
NDELA reaches a maximum after about 96 hr, but 
some nitrosation occurs immediately. In NaOH solu
tions, BNPD degradation follows a course similar to 
that demonstrated in solutions of diethanolamine and

Fig. 5. Formation of bromide in aqueous BNPD solutions 
at pH 8 0 (•) and 12 0 (■).

addition of the amine results in the formation of 
NDELA. NDELA also formed in aqueous solutions 
of BNPD and triethanolamine, although in lower 
yields.

Since bromide ion is released from BNPD much 
more rapidly than is nitrite ion, one can speculate

Table 3. Formation of NDELA in an aqueous solution* of 
BNPD and triethanolamine

NDELA formedt
Time -------------------------------- -----
(hr) /ig/litre %t

0 _
is 43-5 0 006
4 115 002
24 316 005

‘ Initial content of solution; 1-15 g BNPD and 0-75 g trieth
anolamine in 5 ml H20.

tNo NDELA was found in control solutions of BNPD 
or triethanolamine alone (limit of detection by HPLC 
15 ng).

f Percentage of theoretical yield.
(¡Time of first measurement.
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Fig. 6 . Proposed pathway for the degradation of BNPD 
in alkaline medium (:B = base).

that the pathway of BNPD degradation in alkaline 
medium could be that indicated in Fig. 6. A base 
(B) attacks the acidic hydrogen alpha to the carbon 
bearing the nitro and bromo groups, with the result
ing elimination of HBr. The pathway then proceeds 
as illustrated, with the subsequent release of formalde
hyde and nitrite. Nitrite is then available for the nitro
sation of any appropriate amine present, as well as 
for the formation of 2-nitro-2-bromoethanol. This 
pathway is somewhat different from that proposed 
by Bryce el al. (1978), who envisaged an initial release 
of formaldehyde rather than of bromide. However, 
our data indicate that the loss of bromide initiates 
the breakdown of BNPD. with subsequent release of 
formaldehyde and nitrite.

This study demonstrates the efficacy of BNPD as 
a nitrosating agent for both secondary and tertiary 
amines in alkaline solution. Consumer products that 
are prepared with this antimicrobial and alkanola- 
mines may have a similar potential for generating 
N-nitrosamines. The need for further studies on such 
products of known composition is therefore indicated.
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Abstract—The metabolism of rubratoxin B was studied in vitro using rat hepatic subcellular fractions. 
Primarily, metabolism of rubratoxin B involved a non-enzymatic process in the microsomal supernatant 
fluid. The transformation products were mainly water-soluble, although at least four unidentified 
organosoluble derivatives of rubratoxin B were detected. Three of these organosoluble derivatives were 
produced in the microsomal supernatant fluid by an enzymatic process.

INTRODUCTION

Rubratoxin B (Fig. 1) is a hepatotoxic (Burnside, 
Sippel, Forgacs, Carll, Atwood & Doll, 1957) metabo
lite of the fungi P énicillium  rubrum  and P. purpuro-  
yenum . Other toxic effects attributed to this com
pound include mutagenicity (Evans & Harbison,
1977) and teratogenicity (Hood, Innés & Hayes, 1973). 
Congestive, haemorrhagic and degenerative changes 
of the liver and spleen were the most common histo
logical lesions associated with rubratoxin B toxicity 
in a variety of animals (Wogan, Edwards & New- 
berne, 1971). The LD50 of rubratoxin B was 0-36 mg/ 
kg when dissolved in propylene glycol and adminis
tered ip to adult rats, increasing to 400 mg/kg when 
given by stomach tube (Wogan et al. 1971). Hayes, 
Cain & Moore (1977), however, reported the oral 
LDjo of rubratoxin B in neonatal rats to be 6-34 mg/ 
kg, indicating a 60-fold increase in the susceptibility 
of young animals. Pretreatment of adult male mice 
with SKF-525A resulted in a 60% decrease in the ip 
LD50 of rubratoxin B (Hayes & Ho, 1978).

CH3. (CH2)5

Fig. 1. Structure of the rubratoxins, rubratoxin A: 
C26H32Ou :R = H, OH. Rubratoxin B: C26H30Ou :R 
= 0. In aqueous solution the maleic anhydride moieties 
on either side of the nine-membered ring equilibrate with 
the open form to yield the carboxylic acid derivative.

All detectable radioactivity in the liver 30 min after 
ip administration of 0-05 mg/kg [ I4C]rubratoxin B to 
male mice was found in the microsomal supernatant 
fluid (Hayes, 1972). Within the first 2 hr, increasing 
amounts of radioactivity were found in the mitochon
dria with a parallel decrease of radioactivity in the 
microsomal supernatant fluid. By 24 hr, the amount 
of total liver radioactivity in the microsomal super
natant fluid had decreased to 80% with less than 10% 
present in the microsomal fraction.

The effects of ip administration of 1-0 mg/kg rubra
toxin B on the activities of the mouse liver micro
somal enzymes nucleoside triphosphatase, hexobarbi- 
tal hydroxylase, aminopyrine demethylase, p-nitroani- 
sole-o-demethylase, aniline hydroxylase and NADPH 
oxidase have been examined (Hayes, 1977). The activi
ties of nucleoside triphosphatase, hexobarbital hy
droxylase and aniline hydroxylase remained un
changed after treatment of the animals with rubra
toxin B. The activities of aminopyrine demethylase, 
p-nitroanisole-o-demethylase and NADPH oxidase, 
however, were decreased by 18, 58 and 70%, respect
ively.

Rubratoxin B, upon exposure to aqueous medium, 
is rapidly and reversibly converted to a carboxylic 
acid derivative which is far more polar than the 
parent compound, and is less toxic to mice (Unger, 
Phillips & Hayes, 1978). Hydrolysis of the maleic an
hydride moieties on either side of the nine-membered 
ring results in the formation of the carboxylic acid 
derivative (Fig. 1). The carboxylic acid derivative is 
converted back :o the parent form by acidification 
to pH 2 or below (Unger & Hayes, 1978).

EXPERIMENTAL

A n im a ls . Male Sprague-Dawley rats (350-380 g) 
were kept in temperature-controlled animal facilities 
away from known hepatic enzyme inducers, on 
bedding made from corn cobs.

C hem ica ls. [ 14C]Rubratoxin (36 pCi/mmol) used in 
these experiments was produced by surface cultures 
of P. rubrum  (NRRL; A-11785) grown in liquid 
medium containing 14C-labelled D-glucose (Hayes,
1972). The toxin was recovered from the growth
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medium and purified by the method of Hayes & 
Wilson (1968). Identity and purity of the compound 
were established by melting point, IR spectroscopy, 
high-pressure liquid chromatography (HPLC) and 
mass-spectral analysis. Based on gas flow analysis of 
thin-layer plates used to purify rubratoxin, the toxin 
used in these studies was 98% radiopure. Glucose
6 -phosphate (G6 P), G6 P-dehydrogenase and NADP 
were purchased from Sigma Chemical Co., St. Louis, 
MO. All other chemicals were of analytical reagent 
grade.

I n t r a c e l l u l a r  l o c a l i z a t i o n  o f  r u b r a t o x i n  B  m e t a b o l i s m .  

Rats were killed by decapitation and livers weighing
13—15-5 g were immediately removed. The livers were 
washed with ice-cold 1T5% (w/v) KC1, cut into small 
pieces and homogenized in 3 vol IT5% KC1 using 
a Potter-Elvehjem-type homogenizer. The resulting 
suspension was filtered through fine-mesh nylon to 
remove fibrous debris.

The intracellular localization of rubratoxin B meta
bolism was established by assaying the various frac
tions obtained by differential centrifugation. The con
centration of each preparation was adjusted to be 
equivalent to 0-25 g liver/ml. Protein content of each 
subcellular fraction was estimated by the method of 
Lowry e t  a l .  (1951).

Aliquots of the whole homogenate (39-45 mg pro- 
tein/ml) were centrifuged at 10,000 g (max) for 30 min 
in a Sorvall RC-5 refrigerated centrifuge. The sedi
ment (which contained cellular debris, nuclei and 
mitochondria) was resuspended in LI5% KC1 (w/v) 
and the final suspensions contained 19-5-21-5 mg pro- 
tein/ml. Microsomal fractions were isolated from the 
post-mitochondrial supernatant fraction by centrifu
gation at 105,000 g (max) for 60 min using a Beckman 
type 50 fixed-angle rotor in a Beckman L5-65 ultra
centrifuge. The supernatant fluids (containing 24-2-
26-2 mg protein/ml) were decanted, and the micro
somal suspensions contained 20-3-5 mg protein/ml.

M e t a b o l i s m  o f  r u b r a t o x i n  B .  Aliquots (1 ml) of each 
of the subcellular fractions were incubated with 
labelled rubratoxin B in a 2-5-ml reaction mixture 
containing phosphate buffer, pH 7-4 (56 mM), KC1 
(27-7 h i m ), MgCl2 (5-0 h i m ), nicotinamide (10mM), 
NADP (0-24 m M ), G6 P (40 mM) and G6 P-dehydro- 
genase (10 IU). Aliquots of the whole homogenate 
were incubated with all but G 6 P-dehydrogenase. The 
[ 1 4C]rubratoxin B was added in propylene glycol 
(10/rg/lO/d). The reaction was initiated by enzyme 
addition and during the 30-min incubation period, 
the open 25-ml Erlenmeyer flasks were shaken in a 
Dubnoff metabolic shaking incubator maintained at 
37CC. The reactions were terminated by addition of 
2-5 ml ice-cold methanol. Assays were also performed 
using heat-treated preparations (95°C for 30 min), and 
preparations lacking the NADP, G6 P and G6 P- 
dehydrogenase.

Rubratoxin B (10 ̂ g) also was incubated in the 
complete incubation medium, in the incubation 
medium lacking NADP, G6 P and G6 P-dehydro- 
genase, and with nicotinamide alone (25 m M ) to deter
mine the interaction of the toxin with components 
of the incubation medium.

E x t r a c t i o n .  The pH of aliquots (1 ml) of each mix
ture was adjusted to 2-0 with 0-5 n-HCI and the acidi
fied mixture extracted twice with an equal volume

of benzene. The defatted aqueous phase was then 
extracted twice with equal volumes of ethyl acetate. 
The ethyl acetate extracts were pooled, evaporated 
to dryness under vacuum, and the residue dissolved 
in acetonitrile for analysis by HPLC.

A n a l y s i s .  Aliquots of each mixture were mixed with 
10-ml Aquasol (New England Nuclear Corp., Boston, 
MA) and radioassayed in a Beckman LS-250 liquid 
scintillation spectrometer (Fullerton, CA). The 
aqueous phase from each extraction was mixed with 
10-ml Aquasol and radio-assayed. Reverse-phase 
HPLC was performed as previously described using 
a high pressure liquid chromatograph from Waters 
Associates (Milford, MA), with detection at 254 nm 
(Unger & Hayes, 1978). The eluate from the chroma
tographic analysis of each mixture was collected at 
1 0 -sec intervals and radioassayed.

RESULTS

As shown in the HPLC chromatogram tracing in 
Fig. 2, rubratoxin B eluted as a sharp peak at 175 
sec, corresponding to fractions 18-19 on the radio
activity profiles shown in Figs 3-8. The incubation 
of rubratoxin B in the incubation medium alone, with 
or without NADP, G6 P and G6 P-dehydrogenase, 
resulted in the conversion of the toxin to an unidenti
fied compound (Table 1). Collection and radioassay 
of the eluate from the HPLC analysis indicated that 
this compound was more polar than the parent mol
ecule, eluting mainly in fractions 11 and 12 (Product 
III, Fig. 3). As indicated in Table 1, after 30 min 
incubation at 37°C, only 34% of the rubratoxin B 
added to the complete incubation medium could be 
extracted as parent compound. When NADP, G6 P 
and G6 P-dehydrogenase were excluded from the 
incubation medium, 25% of the added rubratoxin B 
was recovered. In addition, a small amount of radio
activity was recovered from the aqueous phase.

Retention, min

Fig. 2. Chromatogram tracing of rubratoxin B standard 
(1 tig injected, detection at 254 nm), at a sensitivity of 01 
absorbance units full scale (AUFS).
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Fig. 3. Radioactivity profile of the eluate collected at 10-sec 
intervals from the HPLC analysis of the incubation 
medium after exposure to [ 14C]rubratoxin B (10/ig) for 
30 min at 37'C.

The data in Table 2 indicate that transformation 
of rubratoxin B occurred primarily in the microsomal 
supernatant fluid, only 1-83% of the initial dose of 
rubratoxin B remained as the parent compound after 
30 min of incubation. Transformation by the micro
somal supernatant fluid was mainly to water soluble 
compounds (78-48% of the initial dose) with about 
2 0 °o being converted to organosoluble derivatives. 
Heat treatment of the microsomal supernatant fluid 
resulted in only a doubling of the amount of un
changed rubratoxin B (to about 3-6% of the initial 
dose), and had little effect on the production of water- 
soluble derivatives. Leaving the NADPH-generating 
system out of the incubation mixture, however.

Fraction no.

Fig. 4. Radioactivity profile of eluate collected at 10-sec 
intervals from the HPLC analysis of the whole homo
genate after incubation with [ l4C]rubratoxin B (10/ig) for 
30 min at 37;C.

Fig. 5. Radioactivity profile of eluate collected at 10-sec 
intervals from the HPLC analysis of the 10,000g x 30 min 
sediment after incubation with [ 14C]rubratoxin B (10/<g) 
for 30 min at 37X.

resulted in a five-fold increase in the amount of rubra
toxin B remaining unchanged, decreased the produc
tion of water-soluble derivatives, and nearly doubled 
the production of non-water-soluble derivatives. 
Transformation of rubratoxin B by the microsomal 
preparation appeared to have been mainly due to the 
incubation medium. However, 11-82% of the initial 
dose of rubratoxin B was converted to water-soluble 
compounds by the microsomal preparation. Heat- 
treatment or incubation of the microsomal fraction 
in the absence of NADP, G6 P and G6 P-dehydrogen- 
ase resulted in nearly a doubling of the water-soluble 
radioactivity and a decrease in the formation of non- 
water-soluble derivatives. The use of heat-treated

Rubrotoxin B

Fig. 6. Radioactivity profile of eluate collected at 10-sec 
intervals from the HPLC analysis of the 105,000 g x 60 
min sediment after incubation with [ 14C]rubratoxin B 
(10/rg) for 30 min at 37’C.
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Fig. 7. Radioactivity profile of eluate collected at 10-sec 
intervals from the HPLC analysis of the 105.000 g x 60 
min supernatant after incubation with [14C]rubratoxin B 
(lOpg) for 30 min at 37°C.

Fig. 8. Radioactivity profile of eluate collected at 10-sec 
intervals from the HPLC analysis of the 105,000 g x 60 
min supernatant after the absence of an NADPH-generat- 
ing system.

microsomal preparations or incubation in the absence 
of an NADPH-generating system resulted, therefore, 
in a shift of the pattern of conversion (towards water- 
soluble compounds) rather than a decrease in the 
amount of conversion, since there was no significant 
change in the amount of rubratoxin B left unchanged.

Incubation of rubratoxin B in the whole homo
genate resulted in the formation of at least four un
identified organosoluble products (Fig. 4), eluting in 
fractions 4-5 (product I), 8-9 (product II), 10-11 
(product III) and fraction 15 (product IV). In addi
tion, two other peaks of radioactivity, less- polar than 
the parent compound, eluted in fractions 2 1 - 2 2  and 
24-25. Product III was formed when rubratoxin B 
was exposed to the incubation medium alone, in the 
absence of tissue (Fig. 3). Peaks corresponding to each 
of these could be found in one or another of the sub- 
cellular extracts. Products I, II and III were observed 
in the incubate of the sediment after centrifuging at
10.000 g for 30 min (Fig. 5), and products I and III 
in the microsomal incubate (Fig. 6 ). Products II and
IV. however, appear to have been contributed mainly 
by the microsomal supernatant fraction (Fig. 7). 
When rubratoxin B was incubated with the micro
somal supernatant fraction in the absence of an 
NADPH-generating system, products I, II and IV

were not formed (Fig. 8 ). Neither were these products 
formed when rubratoxin B was incubated with the 
heat-treated microsomal supernatant.

DISCUSSION

The results of this investigation indicated that the 
transformation of rubratoxin B was most active in 
the microsomal supernatant fraction. The transform
ation was primarily non-enzymatic. However, in the 
microsomal supernatant, addition of a NADPH- 
generating system resulted in an increase in conver
sion of rubratoxin B to water-soluble derivatives. 
Products I, II and IV were not formed by the heat- 
treated microsomal supernatant or in the absence of 
NADPH, indicating enzymatic involvement. Also, 
maximum conversion of rubratoxin B to non-water- 
soluble derivatives by the microsomal fraction 
occurred in non-heat-treated preparations in the 
presence of NADPH.

Product III, appearing in fractions 10-11 of the 
whole homogenate radiochromatogram (Fig. 4), was 
probably non-biological in origin, since a correspond
ing peak was produced when rubratoxin B was 
exposed to the incubation mixture in the absence of

Table 1. Interaction o f  rubratoxin 3  with incubation medium after 30 min at 37CC

Incubation medium

Percentage of initial dose

Rubratoxin B*
Water-solublet

derivatives Other derivatives!

Whole incubation medium 33-86 + 2-5 4-09 + 0-6 62-05 + 2-1
Incubation medium minus NADP,

G6P and G6P-dehydrogenase 25-24 + 1-7 1-18 ± 0-3 73-6 ± 2-1

‘Determined by HPLC.
tDetermined by radioassay of aqueous phase remaining from extractions.
f Determined mathematically by subtracting from the initial dose the percentage dose determined for the parent com

pound and the percentage dose remaining in the aqueous phase.
Values are means + SEM of triplicate incubations, each assayed in triplicate.
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tissue (Fig. 3). This compound probably does not 
spontaneously form in biological fluids since it has 
not been detected in bile or plasma extracts from iso
lated perfused liver, and whole animal experiments 
performed in this laboratory.

Tables 1 and 2 reveal that most, if not all, of the 
transformation of rubratoxin B which occurred in the 
microsomal preparation could be accounted for as 
a non-biological conversion of the toxin to an un
identified organosoluble derivative (product III) with 
a retention time of about 120 sec (Figs 3 and 6 ). The 
requirements for this conversion appeared to be nico
tinamide plus anion (phosphate or halide), since 
neither incubation with Ringer’s solution (Unger & 
Hayes, 1978) nor nicotinamide (25 mM) alone resulted 
in the production of this derivative. Interaction of 
rubratoxin B with nicotinamide could have significant 
biological consequences, since nicotinamide is a pre
cursor to vital co-factors (NAD, NADP).

Products I, II and IV were formed only in the pres
ence of tissue fractions, and did not spontaneously 
form in the presence of the incubation medium alone. 
These products also were not formed by the micro
somal supernatant fluid in the absence of NADPH. 
and were not formed by heat-treated microsomal 
supernatant fluid. The formation of these products 
therefore should be considered to be dependent on 
some enzymatic process. The formation of water-solu
ble derivatives of rubratoxin B also was seen to occur 
only in the presence of tissue fractions. Unlike 
organosoluble products I, II and IV, however, the for
mation of water-soluble derivatives also occurred 
using heat-treated fractions and in the absence of 
NADP, G6 P and G 6 P-dehydrogenase. The maximum 
formation of water-soluble derivatives was dependent 
on some tissue factor present predominantly in the 
microsomal supernatant fluid, and to a lesser extent.

in the sediment from the centrifugation at 1 0 , 0 0 0  g 
for 30 min. Little water-soluble radioactivity was 
found in the microsomal incubate.

Care must be taken in interpreting the results of 
this investigation. For example, it is unlikely that in
tracellular components would ever be exposed, as 
they are in this i n  v i t r o  study, to appreciable concen
trations of the carboxylic acid derivative of rubra
toxin B. Previous studies indicated that high concen
trations of rubratcxin B-derived radioactivity are not 
attained in the liver (Unger, Hayes & Mehendale.
1979). This suggests that rubratoxin B is probably 
absorbed as the parent compound, which represents 
a small percentage of the total rubratoxin present 
(Unger, Phillips & Hayes, 1978). Unaided transmem
brane movement of the carboxylic acid derivative into 
the hepatocytes would be limited by its polarity and 
molecular size. It seems likely therefore that, in an 
intact system, subcellular components would be 
exposed to higher proportions of the parent com
pound relative to the carboxylic acid derivative.
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Abstract—The mass concentrations of potentially respirable particles produced during routine appli
cation of talcum powder were determined. Tests were conducted both on adults exposed to talc over 
the whole body area and infants exposed in the napkin area. The total exposure time, the amount 
of powder used and the average talc concentration in the air in the region of the nares were measured. 
These average talc concentrations were compared with the threshold limit value (TLV) which is con
sidered safe for industrial talc workers, and also with chronic exposure leve s for experimentally exposed 
hamsters in which no adverse reactions were seen. The average adult exposure was 600 times less than 
the TLV and 500 times less than the level at which no adverse effects were seen in chronically exposed 
hamsters. Likewise, the average infant exposure was over 2000 times less than the TLV and over 
1800 times less than the hamster no-effect level.

INTRODUCTION

When finely divided powder is dispensed from a 
container with a sprinkle-hole cap. airborne particles 
are formed in the environment of the user. Some will 
be ‘respirable particles', but they will be at a relatively 
low concentration and exposure will be of short 
duration because of settling and dispersion. One 
example is the particles produced during the normal 
use of baby or body talcum powders.

The mass concentration of respirable particles pro
duced during the powdering of a baby or an adult 
cannot be effectively measured with standard dust
sampling equipment which is used to accumulate and 
sample particles from more stable atmospheric areas 
such as mines or factories (Ayer, Sutton & Davis, 
1968; Cochrane, 1972; Lippmann, 1970). The short 
duration and low concentration of particles produced 
during a single application of talcum powder poses 
problems and one purpose of this study was to design 
both the method and equipment needed to overcome 
these problems.

A 'respirable particle' has the potential to reach 
and be deposited in the lung. The probability of this 
occurring depends upon the aerodynamic equivalent 
diameter (AED) of the particle. The AED of a particle 
is defined as the diameter of a unit density sphere 
having the same aerodynamic qualities as the particle 
in question. In this study, a respirable particle was 
defined as having an AED of 10 p i t l or less (Ettinger, 
Partridge & Royer. 1970; Seltzer, Bernaski & Lynch,
1971).

A second objective of this study was to compare 
the average talc exposure of infants and adults to two 
quite different published acceptable levels of talc inha
lation. Firstly, the data was compared to 3 m gm 3, 
the permitted threshold limit value—time weighted 
average (TLV—TWA) as listed by the American Con
ference of Governmental Industrial Hygienists (1977). 
Secondly, the average talc exposures were compared 
to the respirable talc concentration of 8  mg/m3

reported by Wehner e t  a l .  (Wehner, Zwicker & Can
non. 1977a) in an inhalation study, at which no 
adverse reactions were seen in chronically exposed 
hamsters. The TLV—TWA cited above is the 
weighted average concentration for a normal 8 -hr 
working day in a 43-hr working week, to which indus
trial workers may be exposed safely.

EXPERIMENTAL

E q u i p m e n t .  Two pieces of specialized equipment 
were required to measure the respirable particle con
centration. A prefilter to simulate the human respira
tory tract by dividing the talc into respirable and non- 
respirable particle fractions was needed. A mass
monitoring device to remove the respirable particles 
from the air stream and weigh them in a very short 
time interval was also essential.

A 10-mm nylon cyclone was used to simulate the 
particle fractionation system of the human respiratory 
system (Caplan, Doemeny & Sorenson, 1977; Seltzer 
e t  a l .  1971). The percentage of particles that can pen
etrate into the lung increases with decreasing aerody
namic equivalent diameter until other physical factors 
take effect and the percentage penetration reaches a 
plateau.

The American Conference of Governmental Indus
trial Hygienists and the AEC Los Alamos Scientific 
Laboratory have established a standard respirable 
dust size fractionation curve (Ettinger e t  a l .  1970; 
Seltzer e t  a l . 1971). Investigators have shown that the 
10 mm nylon cyclone operating at 1-7 litres/min flow- 
fate. has a collection efficiency for respirable particles 

which matches this standard (Caplan e t  a l . 1977; 
Seltzer e t  a l .  1971).

The nature of this study required mass measure
ment of respirable powder in quantities as low as 
0 1  p g  in a relatively short time span sometimes as 
low as 2 sec. The Thermo Systems, Inc. (TSI; 
St Paul, MN) quartz-crystal mass monitor Model 
3210A, designed for general particle monitoring appli
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cations, was chosen for this purpose. This modular 
unit contains a quartz-crystal sensor nonpulsing vac
uum pump to provide airflow to the 1 0  mm cyclone 
and a strip-chart recorder.

The cumulative mass of respirable particles which 
were fractionated by the cyclone was collected on the 
quartz crystal and recorded every 2 sec. Total ac
cumulations as low as 0T p g  could be read directly 
from the strip-chart recording. Measurements were 
made by sampling the air immediately adjacent to 
the nasal openings during powdering using the 1 0  mm 
nylon cyclone.

Before initiation of the study, the collection effi
ciency of the TSI Mass Monitor for talc particles of 
a respirable size was tested using the following pro
cedure. A low density talc airborne concentration (less 
than 5 mg/m3 respirable particle content) was gener
ated in a closed chamber and sampled with the 
1 0  mm nylon cyclone prefilter at the preferred flow 
rate of 1.7 litres/min. The air stream containing the 
respirable talc particles was then divided, with a pre
cision splitter, and 1 litre/min passing to the mass 
recorder and 0-7 litres/min passing to a 13 mm mem
brane filter of 0 8  pm pore size. The mass recording 
readout on the instrument was then compared with 
the mass collected on the membrane filter and 
weighed on an electromicrobalance.

It was determined that good agreement (within 2%) 
could be obtained between recorder and gravimetric 
readings if the mass loading on the quartz-crystal sen
sor was kept below 15 pg talc. As the crystal mass 
loading increased beyond 15 pg. the talc particle 
deposition efficiency fell off and disparity between 
recorder reading and gravimetric readings increased. 
In this study, mass accumulations were below 15 pg 
for all individual tests.

B a b y - p o w d e r i n g  p r o c e d u r e .  A group of forty-eight 
mothers with infants under 16 months of age, who 
regularly used a leading brand of talcum powder* 
at nappy changing time, participated in this phase 
of the study. Mothers were supplied with a 36 in high 
changing table and mat, an appropriately sized dis
posable napkin, and powder in its commercial 14 oz 
twist-top canister. All six canisters used were from 
the same lot.

Each mother was instructed to remove the napkin 
on her own infant, powder the napkin area as she 
normally would, and place a new napkin on the baby. 
When the task was completed, she was instructed to 
pick up her child signalling an end to the nappy
changing procedure. This procedure was repeated

•Johnson's Baby Powder®.

three times in succession for each mother-infant pair, 
the results being averaged. Determinations of total 
exposure time, amount of powder used, and average 
talc concentration in the air at the level of the infant’s 
nares were made. Before running each test, the area 
was vacuumed to remove airborne particles left from 
the previous test.

To sample the airborne powder, the cyclone inlet 
was held next to the baby’s head approximately 
4 in above the surface of the changing mat (Fig. 1). 
Total exposure time was defined from the first shake 
of powder to the end of nappy changing. The investi
gations were carried out over two four-day time 
periods.

A d u l t  p o w d e r i n g  p r o c e d u r e .  Twenty-three adult 
males and twenty-one adult females who routinely 
used the same leading talcum powder daily were 
tested in this phase of the investigation. All normally 
applied the powder directly to their bodies or to 
their hands before application to the body. Subjects 
were asked to shower, towel dry, enter a small 
(3-75 x 6-5 x 7 ft) anteroom, and apply powder from 
a new 14 oz twist-top canister to their bodies in their 
normal manner. This anteroom procedure assured a 
constant environment for the equipment, which is 
sensitive to high levels of humidity and to the tem
perature and humidity fluctuations that could occur 
with the opening and closing of the bathroom door. 
On entering the anteroom, each subject donned a 
headband with the attached cyclone which was posit
ioned at the level of the individual’s nose (Fig. 2).

Using a stopwatch, each subject was timed for the 
duration of the powdering procedure from the first 
shake of the canister to the moment body powdering 
was completed and the subject left the powdering 
anteroom. Again, the total exposure time, quantity 
of powder used and average talc concentration in the 
air at the level of the adults’ nares were determined. 
The investigations were carried out over two four-day 
time periods.

RESULTS

The results of the trials are summarized in Table 1. 
Frequency distributions of exposure concentrations 
for both infant and adult data are given in Tables 2 
and 3. For infant exposures the time-weighted 
average (±SD ) was 0095 + 00 3 9 mg.min/m3 and 
for adult exposure, the time-weighted average was 
T727 mg. min/m3.

The exposure factor is defined as the number of 
times by which the TLV—TWA for talc workers

Table 1. Exposure o f  infants and adults to respirable talc particles

No. of Weight of talc Exposure Concentration*
subjects used (g) time (min) (mg m3)

Infants! 48 0-88 + 0-63 0-52 + 0 17 0 19 + 0084
Adults 44 8-84 ± 8-32 1-23 ± 0-55 2 03 ± 1-49

•Average concentration, in mg/m3. was calculated by dividing the weight of respirable 
particles collected by the volume of air sampled for each subject, and averaging 
the results. The flow rate to the mass monitor was 1 litre/min; therefore, the expo
sure time in minutes was equal to the air volume in litres. 

tBecause of the very low airborne respirable concentrations during the infant powder
ing. it was necessary to use the mean of three consecutive tests on each infant.



Fig. 1. Simulation of particle collecting cyclone positioned at the level of baby’s nares during nappy- 
change powdering.

Fig. 2. Particle collecting cyclone attached to a headband and positioned at the level of the subject’s 
nares during adult whole-body powdering.
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Table 2. Frequency distribu tion  o f  infant exposure  
(m g . m in/m 3) to  respirable ta lc partic les

Exposure levels*! 
(mg. min/m3)

No. of infants 
within exposure 

level

Percentage of 
infants within 
exposure level

010-0-19 4 8-33
0-20-0-29 15 31-25
0-30-0-39 19 39-58
0-40-0-49 6 12-50
0-50-0-59 3 6-25
0-60-0-69 0 0-00
0-70-0-79 1 2-08

*Data for the mean of three exposures. 
tThe time-weighted average (±SD) for three exposures 

was 0-285 ±  0T17mg.min/m3; the average for one 
exposure was 0-095 ±  0-039 mg. min/m3. Because these 
results approximated a normal distribution, parametric 
statistical procedures were applied to the raw data.

Table 3. F requency distribu tion  o f  adult exposure  
(m g . m in/m 3) to respirable talc partic les

Log,.*
exposure levels 
(mg. min/m3)

No. of adults 
within exposure 

level

Percentage of 
adults within 
exposure level

—1-80 to -1-36 1 2-27
-1-35 to —0-91 3 6-83
-0-90 to -0-46 4 9-09
-0-45 to —0-01 3 6-82

0-00-0-44 9 20-45
0-45-0-89 9 20-45
0-90-1-34 6 13-64
1-35-1-79 5 11-36
1-80-2-24 2 4-55
2-25-2-69 2 4-55

*The adult exposure data closely approximated a log
normal distribution. Therefore, a loge transformation 
was made to “normalize” the data and parametric stat
istical procedures were applied to the transformed data. 
The loge of the time-weighted average exposure ( + SD) 
was 0-5464 ± 0-9339 and antilogs allowed estimation of 
the original population, the time-weighted average being 
1-727 mg .min/m3.

exceeds the time-weighted average concentrations 
determined for infants and adults in this study. Expo
sure factors were calculated by dividing the weekly 
TLV concentration for talc workers by the calculated 
weekly concentrations for either infants or adults. The 
time-weighted exposures for infants and adults were 
converted to weekly exposure concentrations by mul
tiplying by the number of applications per day and 
by seven (days/week) and dividing by 60 (min/hr).
J. N. Sivertson (unpublished data, 1976) has shown 
that mothers, who are regular users of baby powder, 
powder their infants (1 to 24 months old) an average 
of five times/day. One powder application each day 
was assumed for adults. The average values obtained 
were 0-055 and 0-20mg.hr/rn3 for infants and adults 
respectively. The corresponding 90% tolerance limits 
for the 95th percentiles were found to be 0-099 and
1-23 (Diem, 1962). The talc TLV of 3 mg/m3 was con
verted to a weekly exposure for the talc workers 
assuming a 40-hr working week. This figure of

1 2 0 mg.hr/m3/wk was then divided by the average 
infant or adult weekly time-weighted values, and the 
exposure factors were calculated to be 2182 for infants 
and 600 for adults. Exposure factors calculated from 
the 90% tolerance limit for the 95th percentile for 
each group were 1212 and 98 respectively.

The above exposure data were also compared with 
the data of Wehner (Wehner e t  a l . 1977a) from a ham
ster inhalation study. In this case the no-effect level 
for the hamsters 1 0 0 mg.hr/m3/wk exceeded the 
exposure levels of the infants and adults 1818 and 
500 times respectively.

DISCUSSION

The background level of respirable particles in the 
area of the tests was monitored and found to be less 
than 0-003 mg/m3. It was determined that background 
particles would increase the concentration by a maxi
mum of 4% under the most severe conditions encoun
tered, e.g., 1-5 min of exposure and 0-1 ¿tg total respir
able mass collected. Therefore, background was not 
considered in calculating the exposure concentrations.

It was interesting to observe the different methods 
of powder application; three-quarters of the mothers 
applied the powder directly to the baby’s body and 
the remainder placed the powder in their hands and 
then on the baby. One mother applied the powder 
to the napkin. Analysis of data resulting from the 
various application methods showed no significant 
differences in any of the monitored parameters.

The average adult exposure concentration 
(2-03 mg/m3) was over ten times greater than that 
found for infants (0-19 mg/m3). Adults were also 
exposed for a longer time period, 1 -23 min compared 
with 052 min for the infants. On average, men tended 
to powder in a shorter time than women, but to use 
more powder and create greater airborne respirable 
particle concentrations.

It is noteworthy that Wehner e t  a l . (1977a) were 
unable to produce any talc-related toxicity in ham
sters with extensive exposures to 8  mg/m3/wk of res
pirable talc. The same group later demonstrated that 
although the talc deposited in the deep lung, it was 
cleared with a biological half-life of 7-10 days 
(Wehner, Wilkerson, Cannon, Buschbom & Tanner, 
1977b).
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Abstract—The rate and extent of urinary excretion of silicon was determined in rats after oral adminis
tration of magnesium trisilicate, food-grade sodium aluminosilicate, sodium silicate or Zeolite type
A. The materials were given in doses of 0. 40. 200 or 1000 mg/kg body weight. Urinary silicon excretion 
increased rapidly after dosing and peak excretion rates occurred within 24 hr in all test groups. Zeolite 
A had the most rapid urinary excretion rate (half-life. 6-8 hr) followed by magnesium trisilicate (half-life. 
16-20 hr). sodium silicate (half-life. 24 hr) and sodium aluminosilicate (half-life. 38 hr). First-order excre
tion kinetics were followed for all four materials. When expressed as a percentage of dose the total 
urinary silicon excreted was roughly equal for magnesium trisilicate, sodium silicate and Zeolite A 
but considerably less for sodium aluminosilicate. Urine of rats dosed with sodium aluminosilicate or 
Zeolite A did not show any detectable increase in aluminium, indicating that the silicon that was 
excreted was a breakdown product of the parent molecule. Since it is known that aluminium when 
administered either ip or iv is excreted in urine, this is evidence for decomposition of the test material 
in the gastro-intestinal tract. For all four test materials urinary silicon excretion increased with dose 
level. However, the magnitude of this increase (two- to eightfold) was not as great as the increase 
in the amount dosed (25-fold) so that the percentage of silicon excreted decreased as the dose was 
increased. This suggested that some process in the absorption or excretion of silicon was becoming 
saturated. These results are discussed with respect to the comparative safety of these four silicates.

INTRODUCTION

Silicon is found in all natural waters (Krauskopf, 
1967) and in almost all terrestrial and aquatic 
organisms (Allison, 1968). Therefore, man cannot 
avoid silicon exposure. Recent studies with chickens 
(Carlisle, 1972) and rats (Schwarz & Milne. 1972) 
show that silicon is essential for normal growth. Sili
con may also protect against atherosclerosis in man 
(Schwarz, 1977). As with many other essential ele
ments, certain chemical forms of silicon may be toxic 
if ingested or inhaled in large amounts (King & Belt, 
1938), although the chronic oral ingestion of small 
amounts of many siliceous materials is generally con
sidered safe as evidenced by the number of silicates 
on the FDA GRAS list (Code of Federal Regulations, 
Title 21, Part 170). Few comparative studies of differ
ent silicon compounds have been recorded - in the 
literature. Keeler & Lovelace (1959), using rats, and 
Sauer, Laughland & Davidson (1959), using guinea- 
pigs, measured urinary silicon after the oral and ip 
administration of several silicon-containing com
pounds. The excretion rates were not precisely deter
mined, nor were detailed dose-response data 
obtained.

Our interest in silicates (specifically. Zeolite type 
A (ZA)) stems from work on the development of re
placements for phosphates in laundry detergents 
(Savitsky, 1977; Schwuger & Smolka, 1976). One 
approach to the safety assessment of a new ingredient 
is to compare it with similar, more familiar materials, 
for which safety is generally recognized. Fortunately, 
there are several silicon compounds which qualify for

this comparison with Zeolite A. One of these is the 
GRAS substance sodium aluminosilicate (SAS), for 
which the estimated average daily consumption is
1-3 g (Tracor-Jitco, 1973). Another such compound, 
magnesium trisilicate (MgTS) is an over-the-counter 
antacid which has been used by man for more than 
40 yr (Mutch. 1936). A third material that can be in
cluded, sodium silicate (SS), is a common ingredient 
in granular laundry detergents and is widely used in 
a variety of industrial processes ( M e r c k  I n d e x ,  1968).

Since the hazards of ingested silicates are generally 
limited to effects on the kidney and bladder (Emer- 
ick, Kugel & Wallace, 1963; Tracor-Jitco, 1973), and 
since the urine is the major excretion route for silicon, 
we studied the urinary excretion of silicon after the 
ingestion of silicon-containing substances, as a means 
of assessing the exposure of these target organs. For 
SAS and ZA, aluminium was also determined to pro
vide a means of detecting changes in the structural 
integrity of these two materials.

EXPERIMENTAL
M a t e r i a l s .  The sodium aluminosilicate (SAS) used 

in this study was obtained from J. M. Huber Corpor
ation (Havre de Grace, MD) under the tradename 
of Zeolex®. Huber Corporation specified that this 
compound met all the purity and quality, specifica
tions of the F o o d  C h e m i c a l s  C o d e x ; our analyses 
showed that it contained 30-0% silicon and 5-4% alu
minium. The sodium silicate (SS) was manufactured 
by Philadelphia Quartz Company (Valley Forge, PA) 
under the tradename of Britesil® C24; our analyses
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showed that it contained 25-9% silicon. Magnesium 
trisilicate (MgTS) was USP, (Lot CLJ). from Mal- 
linckrodt Chemical Company (St. Louis, MO): it con
tained 20-2% silicon by analysis. The Zeolite A (ZA) 
is a sodium aluminosilicate manufactured by J. M. 
Huber Corporation under the name of Arogen 2000. 
Its identity was confirmed by infrared spectroscopy. 
It contained 14-7% silicon and 16-4% aluminium by 
analysis. This material also contained a minor amount 
(<  5%) of hydroxysodalite but no measurable levels 
of other zeolite materials, (e.g. types X, Y or PLB). 
The empirical formula of ZA is N a 1 2 (A1 0 2 )j2 
(S i02)12.27H20 .

A n in ia is  a n d  d ie ts .  Male Sprague-Dawley Cox rats 
weighing 240-260 g obtained from Laboratory Ani
mal Supply Co., Indianapolis, IN, were acclima
tized for 4-5 days in groups of three and were pro
vided with Purina Rat Chow (c. 1500-2000 ppm sili
con) and tap water (c. 5 ppm silicon) a d  lib . During 
the next 7 days the rats were gradually introduced 
to a liquid diet, so that by the end of this period 
they were receiving no solid food. The composition 
of the diet was as follows: sucrose (25-4%), non-fat 
dry milk (18%), water-soluble vitamins (no. 18; 0 -6 %) 
(Mattson & Nolen, 1972), Salt Mix, USP XIV (3%), 
soya-bean oil (20%), and water (33%). The liquid diets 
were necessary to prevent contamination of urine 
samples by feed during the collection period, and 
assured a consistent level of dietary silicon intake 
among the test and control animals both before and 
during sample collection. Previous studies have not 
used this approach to reduce variation between ani
mals (Keeler & Lovelace. 1959; Sauer e t al. 1959).

For the study of particulates in urine, four male 
Charles River rats (from Charles River Labs. Wilm
ington, MA) weighing 240-260 g were used. Acclima
tization was as described above.

D o s in g  a n d  u rin e  c o lle c tio n  p ro c ed u res . Rats were 
fasted for 17-18 hr, then dosed using a no. 10 French 
rubber feeding tube attached to a 3-ml plastic syringe. 
Concentrations (w/w) of dosing materials were 
adjusted so that all groups received the same dosage 
volume (lOml/kg). The actual weights administered 
were calculated by difference. All suspensions were 
prepared in quartz-distilled (QD) water which con
tained <0-5 ppm silicon and aluminium. Rats were 
dosed with 40, 200 or 1000 mg of test material/kg 
body weight. For each study a group of four or six 
control rats were given 10 ml QD water/kg body 
weight. Tail cups to collect faeces were used to pre
vent contamination of urine samples. Rats were 
placed in stainless-steel metabolism cages for urine 
collections. Urine was collected in 60-ml plastic vials 
that had been cleaned with 6 n-H N 0 3  (6 -hr soak),
0-1% EDTA (single rinse), QD water (three rinses) and 
acetone (one rinse). Individual cages were rinsed with
5-10 ml QD water after each collection and the rinses 
were combined with the urine. In the study of silicon 
particulates, rats were anaesthesized with C 0 2 after 
the 8 -hr collection period and the abdominal cavity 
was opened. Urine remaining in the bladder was 
aspirated using a syringe (No. 18 g needle), and added 
to the collection vial. Rats were then exsanguinated 
from the aorta.

F iltr a tio n s .  Urine from rats in the particulate study 
was brought to 37=C in a water bath before filtration.

A 3-ml aliquot was filtered using a 0-4-/rm Nuclepore 
filter and a Micropore filtration apparatus. Residual 
urine was washed through the filter using methanol 
(3 ml). Filters and an unfiltered urine sample were 
then assayed for silicon as described below.

A n a ly t ic a l  m e th o d . For the determination of silicon 
and aluminium in urine, the samples were dry-ashed, 
fluxed with Na2C 0 3, and then dissolved in hydro
chloric acid. The concentrations of silicon and alu
minium in solution were measured by induction- 
coupled RF plasma optical emission spectrometry. 
The 251-6 nm and 394-4 nm emission lines were used 
for silicon and aluminium, respectively. This tech
nique was chosen because it can determine silicon 
and aluminium simultaneously, it is subject to mini
mal interferences, it is sensitive, and it is compatible 
with the acid solutions obtained from the sample 
preparation step. Typical detection limits were
0-2 ppm for both silicon and aluminium. The method 
was developed by F. Lichte, T. W. Osborn and S. 
Hopper (unpublished data 1978).

S ta t i s t ic a l  a n a ly s is . Group means were compared 
by Student’s f-test, except that when the values were 
not normally distributed a non-parametric test was 
used (Gibbons. 1971). The rates of excretion were fit
ted to zero-order and first-order kinetic equations 
(Barr, Goodnight, Sail, & Hellwig. 1976).

RESULTS AND DISCUSSION 

U r in a r y  e x c r e tio n  o f  silico n

Figure 1 shows that the excretion of silicon in urine 
markedly increased after single oral doses of any of 
the four test substances. The control values, shown 
at the bottom of the figure, have been subtracted from 
each test value shown. A separate control group was 
used for each study. Silicon excretion was most rapid 
during the first 24 hr after dosing (collection period 
1). The test material which gave the greatest increase 
in silicon excretion within a particular collection 
period varied depending on the dose level. Further, 
the rate at which the urinary silicon excretion 
returned to control levels also varied between com
pounds. For example, for the first collection period 
(0-24 hr) at a dose level cf 40 mg/kg the order of sili
con excretion was SS > MgTS > ZA P  SAS; at 
200 mg/kg the order was ZA > MgTS >  SAS (SS not 
tested at this dose), and at 1 0 0 0  mg/kg it was 
ZA > SS > MgTS > SAS. This pattern changed sub
stantially for the 24-48-hr collection period. Here, at 
40 mg/kg. MgTS > SS > SAS = ZA; at 200 mg/kg, 
SAS = ZA > MgTS; and at 1000 mg/kg, SS > SAS >  
MgTS > ZA. A similar pattern to that of the 24-48-hr 
period was seen again for the 48-72-hr collection.

The percentage of the dose excreted must be con
sidered in the context of excretion rate to predict the 
concentration of silicon occurring in urine at a par
ticular time after dosing. The excess urinary excretion 
of silicon, expressed as a percentage of the dose, is 
also shown in Fig. 1 (these values are shown in paren
theses). Rats dosed with MgTS, SS, SAS, and ZA all 
excreted urinary silicon in excess of background 
levels. For MgTS, SS and ZA. while the amount of 
excess urinary silicon increased with increasing dose, 
the percentage of the dose excreted decreased with 
increasing dose. The pattern observed for SAS was
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different, the percentage of silicon that appeared in 
urine varied independently of the dose. This may have 
been an artefact resulting from a slightly higher uri
nary silicon excretion by the control animals in the 
SAS study. For example, if the level of urinary silicon 
excreted during the collection period by the controls 
in this study was 384/tg rather than 621 /rg (384/rg 
is the average 72-hr control value for the other three 
compounds), the urinary silicon excretion at 40, 200 
and 1000 mg SAS/kg would have been 12-4, 5-2 and
1-3%, respectively. This is the pattern followed by ZA, 
MgTS and SS. The fact that the increase in urinary 
excretion of all four materials was not in direct pro
portion to the increase in dose may have been due 
to the saturation of some process, related either to 
the absorption or to the excretion of silicon. Similar 
findings were reported by King, Stantial & Dolan 
(1933) who administered silicic acid to dogs and

found that increasing the dose caused a smaller frac
tion of the silicon to be excreted in urine. Comparable 
data in humans are available only for MgTS. Page, 
Heffner & Frey (1941) administered MgTS to volun
teers at a dose level of 35 mg/kg/day for 4 days and 
then continued to collect urine for 48 hr after the last 
dose. The total excess silicon recovered in urine aver
aged 5-2%. Although these data are not directly com
parable with our single-dose data, it seems that man 
absorbs less silicon from MgTS than does the rat.

The changing pattern of silicon excretion with time 
in the groups of rats given the four silicon materials, 
indicates that the excretion rates were different among 
these groups. The urinary silicon excretion half-lives, 
determined by the method of Barr et al. (1976), were: 
SAS, 38 hr; SS, 24 hr; MgTS, 16-20 hr; and ZA,
6 - 8  hr. The dose-response data that were obtained for 
MgTS and ZA (only) indicated that urinary excretion
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Fig. 1. Urinary excretion of silicon by rats after oral dosing of magnesium trisilicate (MgTS), sodium 
aluminosilicate (SAS), sodium silicate (SS) or Zeolite A (ZA). The control values have been subtracted 
from each test value shown. The numbers in brackets are the percentages of the silicon dose recovered 
in urine (control values subtracted). Collection periods 1, 2, 3 and 4 refer to 0-24, 24-48, 48-72, 
and 72-96 hr after dosing, respectively. Bars on control values represent + one standard error (N = 4).
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half-lives were independent of dose within the 40 to 
lOOOmg/kg dosage range, and followed first-order 
excretion kinetics. This lack of dose-response in uri
nary excretion half-life indicates that the limiting or 
saturable factor, suggested by the percentage excre
tion data in Fig. 1, is not the kidney elimination step 
since if this were the case the smaller doses would 
be excreted more rapidly. Another possible saturable 
factor is the rate of gastro-intestinal absorption. How
ever, one could not then explain the large differences 
in half-life between the four substances. One other 
possibility is the rate of production of soluble or 
absorbable silicon in the gastro-intestinal tract. The 
four materials probably undergo acid hydrolysis and 
produce soluble (absorbable) forms of silicon at differ
ent rates characteristic for each compound. In separ
ate studies we have determined that the acid hydroly
sis of ZA is much faster than the hydrolysis of SAS. 
At higher doses the same rate of hydrolysis occurs, 
but there is much more material available, so that 
a large quantity is absorbed.

Exposure of the urinary tract during silicon excre
tion is a function of both concentration and length 
of exposure. Assuming a similar level of total absorp
tion, one would expect that the highest urinary con
centration would occur in rats dosed with the mater
ial having the shortest half-life, i.e„ ZA (also assuming 
other factors such as volume of distribution, binding, 
etc. are constant). The 0-24 hr data (Fig. 1) show that 
this is the case. However, the net concentration of 
silicon in urine at 24-48 and 48-72 hr is lower for 
rats dosed with ZA compared to SS and even SAS, 
which is absorbed to a much lower degree. SS, having 
a relatively high percentage absorption and relatively 
long half-life, produced the greatest urinary silicon 
concentration between 48 and 72 hr. If the acute toxic 
effects of silicon on the kidney are mostly related to 
length of exposure, SAS and SS with their longer half- 
lives would be predicted to have the greatest toxicity. 
However, if the effects are related to the peak concen
tration of urinary silicon, then MgTS and ZA would 
have the greatest toxicity. Data presented by Emerick 
et al. (1963) suggest that silicon toxicity in the urinary 
tract is manifested via formation of kidney and blad
der calculi, and these authors showed a good correla
tion between polymeric silicon and the formation of 
calculi in rats fed tetraethylorthosilicate. Since in the 
present studies ZA gave the highest peak levels of 
silicon it was of interest to find out whether particu
late, or filterable, forms of silicon were produced dur
ing the time of maximum excretion in rats dosed with 
ZA. These data are shown in Table 1. Note that while 
the total silicon concentration increased sharply with 
dose, the particulate silicon was not increased above 
control levels. We would, therefore, predict that toxic 
effects in the urinary tract would not result from 
single high doses of Zeolite A.

Urinary excretion of aluminium

For SAS and ZA the analysis of urine also included 
aluminium since absorbed aluminium, like silicon, is 
excreted mostly by the kidney (Myers & Morrison, 
1928). Ondreicka, Kortus & Ginter (1971) suggested 
that, because of the poor absorption of aluminium, 
very high levels of aluminium would have to be ad-

Table 1. Particulate and total silicon in rat urine after the 
administration of Zeolite A

Dose
(mg/kg)

Silicon (pg/ml urine)

Total Particulate

Control 6-5 + 0-6 2 - 2  ± 1-1

40 26-2 + 3-4 1-4 ± 0-3
2 0 0 64-7 ± 6 -8 1-6 + 1-3
1 0 0 0 80-9 ± 13-5 2 - 2  + 0 -8

Values are means + SEM for four rats. The urine was 
collected during the 8 -hr immediately after dosing.

ministered to test animals for any increase in urinary 
aluminium to be detected.

In our studies we could not detect any significant 
increases in urinary aluminium in rats administered 
SAS or ZA at levels of 40-1000 mg/kg. Daily urinary 
aluminium excretion averaged 17-7 ± 3-2 ptg ( + SEM) 
for control rats, 15-1 + 4-3 fig for SAS-treated rats, 
and 12-3 ± IT pg for ZA-treated rats during the 72-hr 
period following dosing. The aluminium detection 
limits would have permitted the detection of 003 to
0-8% of the dose following doses of 40-1000 mg/kg 
of SAS or 0 01 to 0-2% of dose following 40-1000 mg/ 
kg ZA. By inference, the excreted species of silicon, 
then, cannot be the parent compound (in the case 
of ZA or SAS). Since it has been shown in ip- and 
iv-administered aluminium is excreted in the urine 
(Myers & Morrison, 1928) it is most likely that break
down of SAS and ZA occurred in the gastro-intestinal 
tract, and only the silicon portion was absorbed.
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Abstract—Potassium dipersulphate, ammonium dipersulphate and potassium monopersulphate release 
histamine from rat peritoneal mast cells in vitro, and from guinea-pig skin in vitro and in vivo. Potassium 
dipersulphate releases histamine from rat peritoneal mast cells by a slow, dose-dependent, non-cytolytic 
mechanism. By contrast, potassium monopersulphate releases histamine by a rapid cytolytic mechanism. 
Ammonium dipersulphate-induced histamine release appears to have similarities with histamine release 
induced by both potassium salts. All three salts are considerably less potent histamine releasers than 
compound 48/80. Results from the experiments with guinea-pig skin in vitro support a selective mechan
ism for histamine release by potassium dipersulphate.

INTRODUCTION

Allergic contact dermatitis, chronic and generalized 
urticaria, and early and late onset asthmatic reactions 
have been reported in some individuals (bakers or 
hairdressers) following occupational exposure to ‘per- 
sulphates’ or the use of hair-bleach preparations con
taining these salts (Bonnevie, 1939; Brubacker, 1972; 
Calnan & Shuster, 1963; Fisher & Dooms-Goossens, 
1976; Forck. 1968; Pepys, Hutchcroft & Breslin, 
1976; Schulz, 1967; Sidi. Gervais, Bourgeois-Spinasse 
& Gervais, 1966). Patch tests with the relevant salts 
have been used to confirm the allergic contact derma
titis, but immediate urticarial reactions preceding the 
typical delayed reaction have been observed in a 
number of cases. However, the nature of this early 
reaction, also observed on scratch and intracutaneous 
testing, and the asthmatic reactions to these salts, 
have remained uncertain.

Calnan & Shuster (1963) suggested that ‘persul
phate’ is a weak histamine liberator, although the 
action of ammonium dipersulphate on isolated skin 
slices (Mahzoon, Yamamoto & Greaves. 1977) was 
subsequently thought to occur by a non-specific toxic 
action on mast cells. The present report describes the 
results of experiments to investigate histamine release 
by mono- and dipersulphates from isolated rat peri
toneal mast cells, and from guinea-pig skin i n  v i v o  

and i n  v i t r o .  The results suggest that the dipersulphate 
ion releases histamine by a non-cytolytic mechanism, 
which resembles in some respects the histamine 
release evoked by compound 48/80.

EXPERIMENTAL

M a t e r i a l s .  Potassium dipersulphate (K2S2 0 8) was 
obtained from BDH Chemicals Ltd., Poole, Dorset, 
ammonium dipersulphate (NH4 )2 S2 Og from Hopkin 
and Williams Ltd., Romford, Essex, compound 48/80 
from Sigma Chemical Co., St. Louis, MO, disodium 
cromoglycate (DSCG) from Fisons Ltd., London, and 
mepyramine maleate from May and Baker Ltd.,

Dagenham, Essex. Potassium monopersulphate 
(KHSOj) was prepared by Dr. A. H. Clements, Uni
lever Research Laboratory, Port Sunlight.

I s o l a t i o n  o f  r a t  p e r i t o n e a l  m a s t - c e l l  p r e p a r a t i o n s  a n d  

m e a s u r e m e n t  o f  h i s t a m i n e  r e l e a s e  b y  p e r s u l p h a t e s .  Col
worth Wistar-derived rats (approximately 200 g body 
weight) were used for the isolation of the peritoneal 
mast-cell preparations. Mast cells were isolated essen
tially as described by Perelmutter & Khera (1970). 
Rats were killed by carbon dioxide asphyxiation and 
their peritoneal cavities were irrigated with 25-30 ml 
of either Eagles minimum essential medium (MEM). 
pH 6 - 8  (Eagle, 1959), or a buffered salt solution (BSS) 
of the following (mM) composition: NaCl 139, KC1
2-4, CaCl2 0-8, Sorensen phosphate buffer 6-7 (pH 6 -8 ) 
and dextrose 5-6. Each medium contained ethylene- 
diaminetetraacetic acid, disodium salt (EDTA) at a 
level of 1-3 mM. All reagents were of AnalaR quality. 
The peritoneal washings from at least five rats were 
pooled, centrifuged (250 g) at room temperature for 
1 0  min and resuspended in a suitable volume of 
Eagles MEM or BSS without EDTA.

The mast cells, used without further purification, 
were identified by staining with crystal violet and 
counted in a Neubauer chamber. It was estimated 
that mast cells comprised 5-10% of the total peri
toneal-cell preparation. The volume of the cell sus
pension was adjusted to give a concentration of 
1 x 1 0 5 mast cells/ml.

Aliquots (100 /d) of test substance dissolved in the 
appropriate medium at various concentrations were 
incubated with 0-5-ml aliquots of the mast-cell sus
pension under a variety of conditions (of temperature, 
pH and time). Following incubation, the cell suspen
sions were cooled rapidly in an ice-bath or by the 
addition of ice-cold medium, and each, sample was 
centrifuged at 700 g for 5 min in the cold. Aliquots 
(0 - 5  ml) of the supernatant were added to an equal 
volume of 0-8 M-perchloric acid and assayed for hist
amine by an automated spectrofluorometric assay 
based on that reported by Evans. Lewis & Thomson
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(1973). In any procedure, three or more replicates 
were tested for each treatment and all experiments 
were repeated at least twice using different cell pools.

The release of histamine was expressed as a per
centage of the total histamine content of the mast-cell 
aliquot, determined by addition of an equal volume 
of 0-8 M-perchloric acid. The results were corrected 
for spontaneous histamine release in medium alone 
(normally between 5 and 8 %) and for any interference 
with the histamine assay due to the test substance 
or vehicle. The stability of histamine in the presence 
of the test material was also examined.

In additional experiments, cell pellets were treated 
and then washed twice in Eagles MEM and stained 
with neutral red. Cells were examined for evidence 
of degranulation and/or disruption of the cell mem
brane.

Histamine release elicited by the test substance(s) 
was compared with that evoked by compound 48/80 
under the same conditions. All test materials were 
prepared in the appropriate medium immediately 
before use.

Haemolytic action on sheep erythrocytes. Sheep 
erythrocytes (0-5-ml aliquots at a count of
5 x 108 /ml) in 0-9% saline were incubated at 37°C 
for 30 min with 100-/il aliquots of the test substances 
in 0-9% saline to give a final concentration of 
0-33-2-7 mg/ml. After incubation the erythrocyte sus
pensions were centrifuged at 1000 g for 5 min and 
examined for haemolysis.

Histamine release from guinea-pig skin in vitro. 
Tests for histamine release from sliced guinea-pig skin 
in vitro were essentially as described by Yeoh, Tay
6  Greaves (1972). Abdominal skin slices, 500 pm 
thick, were prepared with a Castroviejo F.lectro-Kera- 
tome. Duplicate skin slices were incubated in 0-5 ml 
of Tyrode solution, containing (in mM concentrations) 
NaCl 137, K.C1 2-7, CaCl2 18, MgCl2 1-0, NaH 2 P 0 4  

0-4, N aH C0 3 12-0 and dextrose 5-6 and having a pH 
of 7-4, with a range of concentrations of the test sub
stances (0-2-16 mg/ml) or with compound 48/80 
(0-2 mg/ml) for 30 min at 37 or 4°C. The reaction was 
stopped by cooling, removing the supernatant and 
adding it immediately to an equal volume of
0- 8 M-perchloric acid. The amount of histamine 
released, corrected for spontaneous histamine release 
and any assay interference, was expressed as a per
centage of the total histamine per sample. The total 
histamine was calculated from the sum of released 
and residual histamine (the latter determined by heat
ing the skin slices in 0-4 M-perchloric acid for 10 min 
followed by cooling for 2 0  min).

Effect of persulphates on guinea-pig skin in vivo. Ali
quots (0-05ml) of the test substances (in concen
trations of 4, 8  and 16 mg/ml saline), compound 48/80 
(80 /rg/ml), histamine base (60 /¿g/ml) and saline (vehi
cle control) were injected intradermally into the 
shaved dorsal skin of four Colworth guinea-pigs 
(350 g body weight), which had been treated iv 20 min 
before with Evans Blue dye (2-5% in 0-45% saline,
1- 2ml/kg). The injection sites were randomized and 
the animals were killed 40 min after the last injection. 
The dorsal skin was removed and the size and inten
sity of the reactions were assessed from the inner sur
face of the skin. The size of the lesion was quantified 
by measurement of two diameters (mm) and by

recording the amount of extravasated dye on the arbit
rary scale (faint blue, pale blue, blue, deep blue, white 
centre, red centre). In a repeat experiment, a further 
four guinea-pigs were treated iv with mepyramine 
maleate ( 8  mg/kg) in saline 45 min before the intra- 
dermal injection.

RESULTS

Characteristics of peritoneal harvest of mixed cells
The mean total histamine content from mast cells 

in the peritoneal harvest of mixed cells was
26-2 ± IT pg histamine base/106 mast cells (n =  83). 
Histamine was released in a dose-related manner by 
incubation with compound 48/80 tested over the 
0-13-0-83/rg/ml range, 54-95 ± 3-68% (n = 29) of the 
total histamine content being released by the highest 
concentration of 48/80 tested (0-83 /rg/ml) in Eagles 
MEM. (Values for histamine release are expressed as 
the mean ± SEM).

Histamine release from rat peritoneal mast cells by 
mono- and dipersulphates

Histamine was released by all three persulphates 
(potassium mono- and dipersulphates and ammonium 
dipersulphate) in a dose-dependent manner from rat 
peritoneal mast cells suspended in Eagles MEM 
(Figs la-c). The pH of the incubation medium was 
unaltered by the presence of potassium and 
ammonium dipersulphate at the concentrations tested 
(0-33-2-7 mg/ml). Potassium monopersulphate at the 
higher concentrations tested (2-3 and 2-7 mg/ml) 
reduced the pH of the incubation medium to approxi
mately pH 4. Adjustment of the pH of these solutions 
to neutral with 1 M-sodium hydroxide before addition 
to the mast-cell suspension, however, did not alter 
the shape of the dose-response curve. The incubation 
time (40 min) used in tests to obtain the standard 
curves was chosen on the basis of the results of the 
time-course experiments described below.

Examination of mast cells after treatment with the 
persulphates showed two types of effect. Potassium 
monopersulphate at acid or neutral pH caused dis
ruption of the mast-cell membrane. Potassium diper
sulphate caused degranulation of the mast cell with
out disruption of the cell membrane. The morphology 
of the mast cells treated with potassium dipersulphate 
resembled that of mast cells treated with compound 
48/80 under the same conditions. Ammonium diper
sulphate treatment caused an alteration of the 
granules, but did not result in any apparent degranu
lation or disruption of the cell membrane.

The temperature-dependence of histamine release 
by potassium monopersulphate and by potassium and 
ammonium dipersulphate is shown in Fig. 2. Hista
mine release by potassium dipersulphate was in
hibited at 4 and 45°C. When cells were incubated at 
37°C following a period of incubation at 4°C, the per
centage histamine release was approximately half that 
normally observed at 37°C. The incubation period at 
37°C in this experiment, however, was 25 min com
pared to the 40-min incubation time used to deter
mine the dose-response curves. Cells incubated at 
45°C with potassium dipersulphate did not regain 
their ability to release histamine when the incubation 
temperature was subsequently reduced to 37°C. The
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Fig. 1. Histamine release induced by increasing concentrations of (a) potassium monopersulphate, (b) 
potassium dipersulphate and (c) ammonium dipersulphate on rat peritoneal mast cells incubated in 
Eagles MEM for 40 min at 37C. The pH of potassium monopersulphate solutions was not adjusted 
to neutral before addition to the mast cell aliquots. Each point represents the mean + SEM of three 
to eight separate experiments with different cell pools, all values having been corrected for spontaneous 
histamine release in Eagles MEM.

temperature-dependence of histamine release for 
potassium dipersulphate was similar to that observed 
for compound 48/80. Potassium monopersulphate 
released histamine from mast cells when incubated 
at 4 or 45'C. The amount of histamine released was

less at 4 than at 37 C. but the release was not com
pletely inhibited. Slightly more was released at 45 
than at 37CC. The temperature profile of histamine 
release by ammonium dipersulphate was similar to 
that of potassium monopersulphate.

• 0

Fig. 2. Effect of temperature on histamine release from rat mast cell suspensions in Eagles MEM 
incubated with (a) compound 48/80 (0-33 pg/ml), (b) potassium dipersulphate (2-7 mg/ml), (c) potassium 
monopersulphate (2-7 mg/ml. not pH adjusted) or (d) ammonium dipersulphate (2-7 mg/ml) under the 
following conditions: (A) at 37CC for 40 min with releasing agents; (B) at 4°C for 40 min with releasing 
agents. (C) at 4 C for 15 min with releasing agents and then at 37=C for an additional 25 min, (D) 
at 45'C with releasing agents for 40 min and (E) at 45 C with releasing agents for 15 min and then 
at 37°C for an additional 25 min. Heights of histograms represent means ± SEM of histamine release 
(%) in two or three separate experiments with different cell pools, all values having been corrected 
for appropriate spontaneous histamine release in Eagles MEM.
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Fig. 3. Effect of pH on histamine release by rat mast-cell 
suspensions incubated for 30 min in BSS (Sorensen phos
phate buffer) at 37°C in the presence of compound 48/80 
(017 /rg/ml; O), potassium dipersulphate (2-7 mg/ml; ■) or 
ammonium dipersulphate (2-7 mg/ml; •). Where necessary, 
solutions of the releasing agents were adjusted to the cor
rect pH prior to addition to the mast-cell aliquots. Each 
point represents the mean + SEM of three separate experi
ments with different cell pools, all values having been cor
rected for appropriate spontaneous histamine release in 
BSS at the relevant pH.

At the concentrations used, none of these persul- 
phates interfered with the fluorometric assay of hist
amine. The stability of histamine, however, was 
reduced in the presence of dipersulphate with BSS 
but not with Eagles MEM (see below).

Effect of pH, time of incubation, calcium concentration 
and DSCG on histamine release by persulphates

The pH profiles of histamine release for compound 
48/80 and potassium and ammonium dipersulphates

in BSS at 37°C for 30 min are shown in Fig. 3. The 
histamine release by these persulphates in BSS follow
ing an incubation time of 30 min was similar to that 
observed in Eagles MEM with an incubation time 
of 40 min.

The optimum pH for the release of histamine by 
both potassium and ammonium dipersulphate in BSS 
was 6 - 8  while that for compound 48/80 was 7-2. Incu
bation of known amounts of histamine (500-1000 ng 
base) with potassium or ammonium dipersulphate 
(2-7 mg/ml) in BSS under the conditions used to 
measure the pH profiles, however, resulted in 60 and 
30% reductions, respectively, in the amounts of hist
amine recovered.

The time courses of histamine release for potassium 
and ammonium dipersulphate (2-7 mg/ml in Eagles 
MEM) are shown in Fig. 4. Compared with com
pound 48/80 and potassium monopersulphate, both 
of which produced maximum release within 5 min, 
the two dipersulphates released histamine only slowly.

In initial experiments on the effect of reducing the 
extracellular divalent cation level, addition of EDTA 
(3 mM) to the Eagles MEM completely inhibited the 
release obtained with potassium dipersulphate 
(2-7 mg/ml). Under similar conditions, the release 
obtained with compound 48/80 (0-83 /rg/ml) and with 
ammonium dipersulphate (2-7 mg/ml) were reduced 
by 35 and 49% respectively. DSCG (2-7 mM) adminis
tered simultaneously with potassium dipersulphate or 
potassium monopersulphate to the mast-cell suspen
sion, had no significant effect on the amount of hist
amine released over a 40-min incubation time.

Haemolytic action on sheep erythrocytes
Sheep erythrocytes were haemolysed by potassium 

monopersulphate at its acid pH or when adjusted to 
pH 7 with sodium hydroxide. The concentrations that 
caused disruption of the mast-cell membrane also 
caused disruption of the erythrocyte membrane. 
Potassium and ammonium dipersulphate had no 
action on sheep erythrocytes at any of the concen
trations tested (0-33-2-7 mg/ml).

Fig. 4. Time course of histamine release by a 2-7 mg/ml concn of potassium dipersulphate (•) or 
of ammonium dipersulphate (O) from rat mast-cell suspensions incubated in Eagles MEM (pH 6 -8 ) 
at 37 C. Each point represents the mean + SEM in = 10) of two separate experiments with different 
cell pools, all values having been corrected for appropriate spontaneous histamine release in Eagles 
MEM at the various time intervals.
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Table 1. Persulphate-induced histamine release from sliced guinea-pip skin in Tyrode
solution

Histamine-releasing agent
Concn 

(mg/05 ml)

Mean* histamine release (%) at

37°C 4 C

Potassium dipersulphate 8 24-33 039
4 14-73 0 2 2

2 4-88 005
1 3 11 047
0-5 095 -0-75
0-1 0-45 -034

Ammonium dipersulphate 8 14-42 7-59
4 1 1 -1 1 5-73
2 6-63 3-75
1 2-73 1-37
05 2-48 -0-09
0 1 1 1 1 —1-57

Potassium monopersulphate 8 23-77 15-95
4 18-29 13-89
2 14-41 5 01
1 2-91 0-96
05 013 0 1 2

0 1 -006 043
Compound 48/80 0 1 10 3 -0-08

’ Mean of two experiments (n = 4) at each temperature, results being corrected for 
spontaneous histamine release.

H i s t a m i n e  r e l e a s e  f r o m  g u i n e a - p i g  s k i n  in vitro
The mean total histamine content of guinea-pig 

skin was 4-50 ± 0 1 4  p g  base/g wet weight, with a 
normal mean spontaneous histamine release of
1-9 +  0-21%. The histamine release by potassium 
monopersulphate and potassium and ammonium 
dipersulphate are shown in Table 1. All three com
pounds released histamine in a dose-dependent man
ner from guinea-pig-skin slices when incubated at 
37'C for 30 min. The release elicited by potassium 
dipersulphate and by compound 48/80 (01 mg/0-5 ml) 
was completely inhibited by incubation at 4°C. 
Release by ammonium dipersulphate and potassium 
monopersulphate was reduced but was not com
pletely inhibited by incubation at 4°C.

I n t r a d e r m a l  i n j e c t i o n  o f  p e r s u l p h a t e s  i n  t h e  g u i n e a - p i g

Potassium dipersulphate produced in guinea-pig 
skin blue lesions which increased in size and intensity 
with increasing concentration. The reaction produced 
by this salt at 16mg/ml (14 x 14 mm, deep blue) was 
similar to that caused by a standard compound 48/80 
solution (80 /jg/ml). The lesions produced by potass
ium monopersulphate, at all the concentrations 
tested, were of approximately the same dimensions 
( 6  x 7 mm), but those produced by the two highest 
concentrations of this salt ( 8  and 16 mg/ml) had white 
centres surrounded by an area of blue.

Both the size and intensity of the skin responses 
produced by the persulphates and compound 48/80 
were significantly reduced by pretreatment of the 
guinea-pigs with mepyramine. The response to a stan
dard solution of histamine (60 /tg/ml) was completely 
abolished by this pretreatment.

DISCUSSION

Potassium dipersulphate and monopersulphate re
lease histamine from peritoneal mast cells and from

skin, but the mechanism of histamine release by these 
two persulphates is apparently different. Potassium 
dipersulphate releases histamine from rat peritoneal 
mast cells by a slow, dose-dependent, non-cytolytic 
mechanism. By contrast, potassium monopersulphate 
releases histamine by a rapid cytolytic mechanism. 
Histamine release by ammonium dipersulphate 
appears to have similarities with histamine release by 
potassium mono- and dipersulphate. The release of 
histamine by comoound 48/80 and potassium diper
sulphate have similar characteristics, but the ED40°,- 
for histamine release by potassium dipersulphate fol
lowing a 40-min incubation time was approximately 
4000 times greater than that by compound 48/80 on 
a weight basis.

Significant histamine release by potassium dipersul
phate from unpurified mast cells was not observed 
until after incubation for approximately 30 min at 
37CC. The unpurined mast-cell preparations used in 
these studies contained 5-10% mast cells, and their 
total histamine content and histamine release curves 
with compound 43/80 were similar to those reported 
by other authors (Ichikawa, Kaneko, Mori & Tomita. 
1977; Johnson & Moran, 1974). Although the possibil
ity of an interaction between the test substances and 
the cells other than mast cells in these preparations 
cannot be excluded, essentially similar results were 
obtained (authors’ unpublished data, 1978) with mast
cell preparations purified to approximately 90% using 
the method of Sullivan, Parker, Stenson & Parker
(1975). Using either cell preparation, the time course 
for histamine release was very much slower than that 
obtained using compound 48/80.

None of the test substances used in this study inter
fered in the spec:rofluorometric assay of histamine. 
Histamine breakdown, however, was observed in the 
presence of dipersulphate in BSS but not in Eagles 
MEM. The increased staoility of histamine in Eagles 
MEM in the presence of dipersulphate suggests that
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the organic material present in this medium retards 
histamine breakdown. With the exception of the pH- 
profile determinations, all experiments were carried 
out in Eagles MEM. thus avoiding the breakdown 
of histamine during the prolonged incubation time 
required to determine dipersulphate-induced hist
amine release.

Morphological examination of mast cells after 
treatment with potassium dipersulphate or compound 
48/80 showed degranulation of the mast cell without 
disruption of the cell membrane. Preliminary 
measurements of lactate dehydrogenase (LDH) 
release suggested that no significant release of this 
cytoplasmic enzyme had occurred. Further evidence 
for the selectivity of histamine release by potassium 
dipersulphate was obtained from the similarity in 
temperature dependence between this salt and com
pound 48/80 (Fig. 2), an optimal pH of approximately 
7 (Fig. 3), and a requirement for divalent cations in 
the extracellular medium.

Similar experiments with potassium monopersul
phate showed that the rapid histamine release ob
tained with this substance resulted from disruption 
of the mast-cell membrane. The action of this material 
was not confined to mast-cell membranes, however, 
and a similar lytic action was observed with sheep 
erythrocytes. Potassium and ammonium dipersul
phate had no action on the sheep erythrocyte mem
brane, and this was consistent with their action on 
mast cells. However, the action of EDTA in reducing 
histamine release by potassium monopersulphate was 
not consistent with a cytolytic mechanism.

The release of histamine by the action of 
ammonium dipersulphate showed some of the charac
teristics of histamine release by potassium dipersul
phate and potassium monopersulphate. Thus the 
release of histamine was slow, and resulted in an 
alteration of the mast-cell granules without membrane 
disruption, but the temperature dependence of hist
amine release did not suggest a selective mechanism. 
Because the ammonium ion itself can release hist
amine from mast cells (Charles & Menzel, 1975), 
apparently by a non-selective mechanism, it is poss
ible that the histamine release observed with this 
compound is the result of selective and non-selective 
histamine release elicited by the persulphate and 
ammonium ion, respectively.

Disodium cromoglycate did not have a significant 
effect on the histamine release induced by potassium 
dipersulphate over a 40-min incubation time, but 
because the inhibition by DSCG of allergic histamine 
release from these cells is reversed by incubation 
times exceeding 5 min (Kusner, Dubnick & Herzig,
1973), it is not possible to conclude with any certainty 
that DSCG had any effect in these experiments. As 
expected, DSCG had no effect on the cytolytic release 
evoked by potassium monopersulphate over a 5- or 
40-min incubation time.

Potassium dipersulphate, but not potassium mono
persulphate or ammonium dipersulphate, also ap
peared to release histamine selectively from sliced 
guinea-pig skin. The results of these experiments 
confirmed earlier findings (Mahzoon e t  a l .  1977) 
that ammonium dipersulphate at dose levels up 
to 1 mg/ml did not release significant amounts of 
histamine from guinea-pig-skin slices. Significant

amounts of histamine were released, however, by 
higher concentrations of ammonium dipersulphate 
and potassium monopersulphate, although the release 
was depressed but not abolished by reducing the incu
bation time to 4 C. Although this reduction in hist
amine release at 4 C contradicts the findings of 
Mahzoon e t  a l .  (1977), the latter authors used rat skin 
and required a much lower concentration of 
ammonium dipersulphate to induce histamine release. 
Histamine release induced by potassium dipersul
phate was completely inhibited by a decrease in the 
incubation temperature to 4“C; this mimicked the 
action of compound 48/80 in the same assay system.

Similarly, potassium dipersulphate differed from 
potassium monopersulphate in its action on guinea- 
pig skin in  v i v o  after contact for 40 min. The skin 
lesions obtained with the dipersulphate salt increased 
in size and intensity with increasing concentration, 
whereas those produced by potassium monopersul
phate were not dose related. Since the intensities of 
all of the reactions were modified by previous treat
ment of the guinea-pigs with mepyramine maleate, 
it is likely that the vascular permeability changes in
duced by the persulphates are due, in part, to an in
direct action mediated by released histamine from 
skin mast cells. However, the white areas in the centre 
of the lesions produced by the highest concentrations 
of potassium monopersulphate tested did not resolve 
after mepyramine treatment. The possibility that these 
areas were produced by acid denaturation, as 
observed by Opie (1962) with solutions of HC1 at pH 
1 and 2, cannot be excluded. The pH of the potassium 
monopersulphate test solution (16 mg/ml) immedi
ately prior to intradermal injection was 2-3.

The failure of mepyramine to abolish completely 
the skin reactions produced by the test substances 
(and also those produced by compound 48/80) sug
gests involvement of mediators other than histamine.

CONCLUSIONS AND IMPLICATIONS

Allergic contact dermatitis, chronic and generalized 
urticaria, and early and late onset asthmatic reactions 
have been reported in some individuals following 
occupational exposure to persulphates (of bakers and 
hairdressers) or the use of hair-bleach preparations 
containing these salts (Bonnevie, 1939; Calnan & 
Shuster, 1963; Forck, 1968; Foussereau & Benezra, 
1970; Pepys e t  a l .  1976; Sidi e t  a l .  1966). Patch tests 
with the relevant persulphate have confirmed allergic 
contact dermatitis, but the mechanism of the imme
diate urticarial and asthmatic reactions have 
remained uncertain.

The results of this study suggest that the dipersul
phate ion is a selective histamine-releasing agent, which 
slowly degranulates mast cells without disruption of 
the mast-cell membrane. The histamine-releasing 
action is confined to the dipersulphate ion; it is not 
observed with monopersulphate, which disrupts mast
cell and probably other cell membranes. Ammonium 
dipersulphate, the most frequently implicated cause 
of skin reactions in ‘persulphate’-sensitive individuals, 
releases histamine by a mechanism which, to some 
degree, mimics the release observed with each of the 
two potassium salts. It seems likely that this com
pound has two mechanisms that contribute to hist
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amine release, namely selective release by the dipersul
phate ion and non-selective release by the ammonium 
ion. It should be emphasized, however, that the 
potency of all three persulphates is considerably less 
than that of compound 48/80 under the same condi
tions, and that the original description of persulphate 
as a weak histamine liberator (Calnan & Shuster,
1963) is well justified.

The slow histamine release elicited from mast cells 
i n  v i t r o  by potassium and ammonium dipersulphate 
is consistent with the observations of slowly develop
ing scratch or intradermal skin-test responses in "per- 
sulphate’-sensitive individuals (Calnan & Shuster,
1963). If this reaction is due to the direct histamine
releasing action of dipersulphate on mast cells, how
ever. it is necessary to propose that persulphate- 
sensitive individuals either have greater numbers of 
skin mast cells, or have mast cells that are more labile 
than those in normal skin. Against this hypothesis 
is the failure of Calnan & Shuster (1963) to show 
any abnormal response in these subjects to injected 
compound 48/80. The failure to detect differences in 
the response to compound 48/80 may reflect differ
ences in the mechanism of histamine release by this 
compound and by dipersulphate.

The difference between persulphate-sensitive indivi
duals and normal subjects may lie in the presence 
of a delayed hypersensitivity to the persulphate ion. 
which may predispose these individuals to the hist- 
amine-liberating action of dipersulphate. Experiments 
in mice (Gershon, Askenase & Gershon, 1975) have 
suggested that vaso-active amine release and in
creased numbers of skin mast cells may play an im
portant part in the development of delayed hyper
sensitivity reactions. This factor may be important in 
the development of skin reactions in persulphate sen
sitive individuals.

Acknowledgements—The authors wish to thank Dr. W. E. 
Parish, Dr. G. W. Cambridge. Dr. M. J. How and Mr.
J. V. Friend for their valuable advice and discussion, and 
Miss V. A. Clayton for excellent technical assistance.

REFERENCES

Bonnevie. P. (1939). Aetologie und Pathogenese der Eczem- 
krankheit. Nyt Nordisk Forlag. {Copenhagen.

Brubacker, M. M. (1972). Urticarial reactions to am
monium persulphate. Archs Derm. 106, 413.

Calnan, C. D. & Shuster, S. (1963). Reactions to 
ammonium persulphate. Archs Derm. 8 8 , 812.

Charles. J. M. & Menzel, D. B. (1975). Ammonium and 
sulfate ion release of histamine from lung fragments. 
Archs envir. Hlth 30, 314.

Eagle. H. (1959). Amino-acid metabolism in mammalian 
cell cultures. Science. N.Y. 130 , 432.

Evans. D. P.. Lewis. J. A. & Thomson. D. S. (1973). An 
automated fluorometric assay for rapid determination 
of histamine in biological fluids. Life Sci. 12, part I I .  
327.

Fisher, A. A. & Dooms-Goossens, A. (1976). Persulphate 
hair bleach reactions. Cutaneous and respiratory mani
festations. Archs Derm. 112, 1407.

Forck, G. (1968). Occurrence and persistence of persul
phate allergy. Berufsdermatosen 16, 84.

Foussereau. J. et Benezra. C. (1970). Les Eczemas aller- 
giques professionels. p. 177. Masson et Cie. Paris.

Gershon. R. K_ Askenase. P. W. & Gershon. M. D. (1975). 
Requirement for vasoactive amines for production of 
delayed-type hypersensitivity skin reactions. J. exp. Med. 
142, 732.

Ichikawa, A„ Kaneko, H.. Mori, Y. & Tomita, K. (1977). 
Release of serotonin from mast cells induced by N-(2- 
ethylhexyl)-3-hydroxybutyramide and catecholamine. 
Biochem. Pharmac. 2 6 , 197.

Johnson, A. R. & Moran, N. C. (1974). Interaction of tolui- 
dine blue and rat mast cells: histamine release and 
uptake and release of the dye. J. Pharmac. exp. Ther. 
189, 221.

Kusner. E. J.. Dubnick. B. & Herzig. D. J. (1973). The 
inhibition by disodium cromoglycate in vitro of anaphy- 
lactically induced histamine release from rat peritoneal 
mast cells. J. Pharmac. exp. Ther. 184. 41.

Mahzoon, S., Yamamoto, S. & Greaves. M. W. (1977). Re
sponse of skin to ammonium persulphate. Acta derm.- 
vener.. Stockh. 5 7 , 125.

Opie. E. L. (1962). On the relation of necrosis and inflam
mation to denaturation of proteins. J. exp. Med. 115 . 
597.

Pepys. J.. Hutchcroft, B. J. & Breslin. A. B. X. (1976). 
Asthma due to inhaled chemical agents—persulphate 
salts and henna in hairdressers. Clin. Allergy 6 , 399.

Perelmutter, L. & Khera. K. (1970). A study on the detec
tion of human reagins in rat peritoneal mast cells. Int. 
Archs. Allergy appl. Immun. 39, 27.

Schulz, K. H. (1967). Occupational disease. Z. Haut-u. 
GeschIKrankh. 4 2 , 499.

Sidi, E.. Gervais, P., Bourgeois-Spinasse. J. & Gervais, A. 
(1966). Revue fr. Allerg. 6 , 150.

Sullivan, T. J., Parker. K. L., Stenson, W. & Parker, C. 
W. (1975). Modulation of cyclic AMP in purified rat 
mast cells. I. Responses to pharmacologic, metabolic, 
and physical stimuli. J. Immun. 11 4 , 1473.

Yeoh, T. S.. Tay. C. H. & Greaves. M. W. (1972). Anaphy
lactic release of histamine from guinea-pig skin in-vitro. 
Int. Archs Allergy appl. Immun. 4 2 , 485.

r r.r. 17,2-r



FJ Cosmei. Toxicol. Vol. 17. pp. 137 to 140
Pergamon Press Ltd 1979. Printed in Great Britain

COMPARISONS OF RESPONSE OF FISCHER-344 
AND CHARLES RIVER RATS TO 1-5% 

NITRILOTRIACETIC ACID AND 2%  TRISODIUM 
NITRILOTRIACETATE, MONOHYDRATE

R. L. A n d er so n  and R. L. K an er v a

The Procter <£ Gamble Company, Miami Valley Laboratories, Cincinnati, OH 45247, U.S.A.

(Received 14 September 1978)

Abstract—The responses of Charles River and Fischer-344 rats to dietary 1-5% nitrilotriacetic acid 
and 2% trisodium nitrilotriacetate. monohydrate were compared in a 4-wk feeding study. The Charles 
River rats consumed more nitrilotriacetate (/imol/kg body weight/day) than the Fischer-344 rats. In 
spite of the different ingestion rates, the two strains of animals gave similar qualitative responses 
to nitrilotriacetate. The ingestion of nitrilotriacetate was associated with reduced growth, increased 
kidney/body weight ratio, increased urinary Ca, haematuria, and the presence of crystalline CaNaNTA 
in the urine.

INTRODUCTION

Charles River (CR) rats have been used in this 
laboratory for work on nitrilotriacetate (NTA) dispo
sition both in long-term (Nixon, Buehler & Niewen- 
huis, 1972) and short-term studies (Anderson & 
Kanerva, 1978a,b; Michael & Wakim, 1971, 1973; 
Nixon, 1971). High doses of NTA (>0-75% of the 
diet) were found to be nephrotoxic in a 90-day feeding 
study (Nixon, 1971). Dietary levels of 015% Na3 

NTA.H20  or 0-5% CaNaNTA produced hydropic 
degeneration of the kidneys in a 2 -yr feeding study 
(Nixon e t  a l .  1972), while 0-03% Na3 N TA .H 20  had 
no effect. The National Cancer Institute (1977) 
reported that extreme doses of H3NTA (0-75% and
1-5%) and Na3 N TA .H 20  (2%) caused urinary tract 
cancers in Fischer-344 (F-344) rats while lower levels 
(<0-5%) did not produce neoplasia in the urinary 
tract. It has recently been shown that doses of 
NTA > 0-75% in the diet result in the presence of 
crystalline CaNaNTA in the urine of CR rats (Ander
son & Kanerva, 1978b) and that the dose-response 
of crystalluria in the CR rats was similar to the dose 
response of neoplasia in the F-344 rats. The present 
report describes an experiment comparing the urinary 
and kidney changes of CR and F-344 rats fed for 
4 wk on levels of NTA previously reported to be car
cinogenic.

EXPERIMENTAL

Fischer-344 rats of both sexes were obtained from 
Microbiological Associates. Laboratory Animal Divi
sion. Walkersville, MD, and were 5 to 6 wk old at 
shipment. The male F-344 rats weighed 84 ±  2 g 
(n =  30) and the females weighed 81 ±  1 g (n =  30) 
at the start of the test. The CR rats were weanlings 
obtained from Charles River Breeding Laboratories, 
Inc., Wilmington, MA; the males weighed 6 6  ±  2 g 
(n = 15) and the females 59 ±  2 g (n = 14).

•Details of the program can be obtained from the author.

The Na3NTA.H 20  used in this study was a com
mercial sample (Monsanto Chemical Co., St. Louis. 
MO) and the H3NTA was prepared by HC1 precipi
tation from a solution of Na3N TA .H 2 0 . The diets 
were physical mixtures of Chow with the appropriate 
weight of Na3 NTA.H20  or H3 NTA.

The animals were kept for 3 days on ground Purina 
Laboratory Chow and were then randomly assigned 
to groups receiving the control diet (Chow); 1-5% 
H3NTA in Chow; or its equivalent, 2-0% Na3 

NTA. H20  in Chow. Each treatment group comprised 
ten male and ten female F-344 and five male and 
five female CR animals except for the CR female con
trol group which comprised only four animals. The 
animals were housed individually in stainless steel 
cages with wire mesh bottoms and urine and faecal 
separators, and kept at a controlled temperature 
(72° ±  2°F) and humidity (50% ±  10%) with a 12-hr 
light/dark cycle. All the animals were given diet and 
distilled water a d  l i b . Body weights and food intakes 
were determined weekly.

On days 4, 11, 18 and 25, the total 24-hr urine 
samples from each animal were collected. The 
volumes were recorded, the pHs were determined and 
the samples were inspected for the presence of blood 
and crystalline material.

The urines voided on day 25 by the individual CR 
rats and pooled samples from F-344 rats were assayed 
for NTA content by isotope dilution (Anderson & 
Kanerva, 1978a). The urine samples voided on day 
18 were assayed for their total Ca content by atomic 
absorption spectroscopy (Anderson & Kanerva. 
1978a).

On day 29 all the animals were anaesthetized with 
an ip injection of pentobarbitone (Nembutal. 
50mg/100g) and both kidneys were excised and 
weighed.

The data were tested by analysis of variance by 
standard procedures* but the effects of NTA were 
reported as percentages of control values.
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Table 1. Comparison of Charles River and Fischer-344 ruts after 4wk on a control diet

Sex

Strain 
and no. 

of animals

Weight
gain!

(g)

Feed .efficiency! 
([weight gain/food 

intake] x 1 0 0 )

Kidney:body weight 
ratio

(g/1 0 0 g)

Urine
volume]:

(ml/1 0 0 g/day)

Male CR (5) 132 + 10 34-9 + 1-4 0-93 ± 0-03 6-5 ± 0-8
F-344 (10) 1 0 2  + 2 32-8 + 0-5 0 - 8 6  + 0 -0 1 3-7 + 0-2
(CR/F-344 ratio) (1.2 9***) (T06) (1-08*) (1-76**)

Female CR (4) 102 + 9 30-7 + 1-8 0-93 ± 0-04 7-6 + 0-2
F-344 (10) 43 + 1 18-0 + 0 -6 0-85 + 0-01 3-1 + 0-1
(CR/F-344 ratio) (2-37**) (1-71***) (1-09*) (2-46***)

tThese values are calculated using data for the first 3 wk only.
JUrine volumes were based on day 18 urine collections.
Values are means + SEM for the numbers of animals shown. Ratios marked with asterisks indicate a statistically 

significant difference between the two strains: *P < 0-05; **P < 001; ***p < 0.001.

RESULTS

A comparison of the data for the CR and F-344 
animals, consuming the control diet, is presented in 
Table 1. The CR rats had slightly larger kidneys and 
voided a much larger volume of urine/lOOg body 
weight than the F-344 animals. Because food intake 
data for the F-344 rats was not available for wk 4, 
data on weight gain and food conversion efficiency 
for both strains are presented for the first 3 wk only. 
Although the differences between rat strains was 
greater in the females than in the males, the CR rats 
of both sexes gained more weight and were more effi
cient converters of diet to body weight in the 3 -wk 
period measured. Since younger animals gain weight 
more rapidly and are more efficient converters of diet, 
differences in these measurements may be at least par
tially accounted for by the fact that the F-344 rats 
were 2-3 wk older at the beginning of the study.

Table 2 shows the effect of 1-5% H3NTA and 2% 
Na3 NTA.H20  on the two strains of rats expressed 
as a percentage of the value for the corresponding 
controls. The CR rats ingested more NTA than their 
F-344 counterparts. This strain difference in NTA in
gestion ranged from 1-6:1-00 (CR:F-344) for the 
females consuming 1-5% H3NTA to T9:1-00 
(CR:F-344) for the females consuming 2% Na3 

NTA.FFO. Both forms of NTA reduced weight-gain 
in all groups and in most instances the growth reduc
tion was greater in the F-344 animals than in the 
CR rats although the latter were consuming at least 
T6  times as much NTA as the F-344 rats. The inclu
sion of 2% Na3 NTA.H20  resulted in reduced food 
conversion efficiency in the males but not in the 
females. Food conversion efficiencies of the CR rats 
were not influenced by dietary H3NTA but in the 
F-344 animals H3NTA caused a statistically signifi
cant reduction in efficiency.

Ingestion of Na3 NTA.H20  increased kidney:body 
weight ratios in all groups but the response was most 
marked in the male, CR animals (150% increase). In 
contrast. H3NTA resulted in minimal increases in 
kidney:body weight ratios (3-11%). Urine volume/ 
lOOg body weight was elevated by Na3NTA.H20  
ingestion, particularly in the male CR animals, but 
the response was variable and did not simply reflect 
Na3 NTA.H20  ingestion rate. In contrast, H3NTA 
reduced urine volumes in the male rats and had no 
consistent effect in the female animals.

Table 3 summarizes some additional urinary obser
vations that were influenced by NTA ingestion. The 
two forms of NTA produced consistent but opposite 
responses in urinary pH; Na3 NTA.H20  ingestion 
resulted in a pH increase and H3NTA ingestion 
reduced the urinary pH in all cases. Although the 
percentage of male F-344 animals showing a haema- 
turia on day 18 was the same for both forms of NTA. 
the percentage in all the other groups was greater 
when Na3NTA.H20  was fed than when H3NTA was 
fed. All of the animals ingesting the NTA had crystal
line material in their urines and in all instances this 
material yielded an X-ray diffraction pattern identical 
to that of pure CaNaNTA. Visual assessment sug
gested that the amount of crystalline material varied 
between groups but no attempt was made to quanti
tate the crystalline mass.

The urinary concentrations of Ca varied consider
ably between treatments but in all instances NTA in
gestion resulted in a marked increase in the percent
age of the ingested Ca that was recovered in the urine 
(data not presented). The urinary NTA concentrations 
showed a two-fold variation but when expressed as 
a percentage of the ingested dose the values were in 
the 30-40% range for all groups.

Only one F-344 animal developed hydronephrosis 
during the study, compared with 1 0 0 % of the male 
CR and 40% of the female CR rats receiving Na3 

NTA.H20  and 60% of the male CR animals receiv
ing H 3 NTA.

DISCUSSION

Comparison of the response of CR and F-344 rats 
to diets containing 2% Na3NTA.H20  and T5% 
H3NTA for 4 wk shows that there is little qualitative 
difference in response between the two strains. For 
example, both strains develop crystalluria and haema- 
turia (Table 3) although their NTA ingestion rates 
are quite different when expressed as //mol/kg body 
weight/day (Table 2). This similarity in response to 
different loads is more understandable in view of the 
similar urine concentrations of Ca and NTA of the 
two strains. It should be noted that the reported con
centrations are based upon total 24-hr urine samples 
and may underestimate the peak concentrations of 
both Ca and NTA in the urine. For example, we have 
noted that morning urines (after night ingestion) con-
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tains a greater density of crystalline CaNaNTA than 
afternoon urines. In fact afternoon urines were fre
quently devoid of visible crystals. In both strains of 
rats the only crystalline material detected by X-ray 
diffraction was CaNaNTA.

The one parameter that showed a clear strain dif
ference was the effect of 2% Na3 NTA.H 20  on the 
incidence of hydronephrosis—this response was far 
greater in CR rats than in F-344 rats. This strain 
difference may be a consequence of the difference in 
NTA ingestion rate (Table 2). Further, the develop
ment of hydronephrosis in the F-344 rats as a result 
of ingesting 2 %  Na 3N TA .H 20  might have been 
apparent had the feeding been continued for a longer 
period since this response was noted in almost all 
F-344 rats given 2% Na3N TA .H 20  for 2 yr in the 
NCI bioassay (National Cancer Institute, 1977).

Overall, the results demonstrate that the responses 
in two strains of rats to dietary NTA are similar and 
that the conditions noted in CR rats receiving a high 
dose of NTA (Anderson e t  a l .  1978a; Michael e t  a l .

1971) are also produced in F-344 rats by the same 
dietary concentrations of NTA although these dietary 
concentrations result in different ingestion rates and 
systemic loads of NTA in the two strains.
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Abstract—The mutagenicity of six polycyclic aromatic hydrocarbons found in African smoked fish 
was tested using several Salmonella typhimurium strains. In the presence of fortified rat-liver post-mito
chondrial fractions, mutagenic activity was observed with o-phenylenepyrene, coronene, benzo[g,li,i]- 
perylene and triphenylene in the plate incorporation method, and with fluoranthene in the bacterial 
fluctuation test. No mutagenic effects of benzo[fc]fluoranthene towards any of the tested strains were 
detected.

Introduction

The high incidence of stomach cancer among popu
lations living in Iceland and in Baltic countries has 
been causally related to the intensive consumption 
of smoked fishes by people from those countries 
(Bailey & Dunjal, 1958). Various polycyclic aromatic 
hydrocarbons (PAHs) have been isolated from indus
trially smoked fish (Bailey & Dunjal, 1958; Grimmer 
& Hildebrandt, 1967; Howard. Teague, White & Fry, 
1966: Lijinsky & Shubik, 1965). However, wood- 
smoked fish were less extensively investigated 
although comparatively high levels of benzo[a]pyrene 
(37 /tg/kg) have been detected in such fish (Masuda 
& Kuratsune, 1971). Many PAHs that are carcino
genic in rats have been isolated from cigarette smoke 
condensates (Akin, Snook, Severson, Chamberlain & 
Walters, 1976): moreover, carcinogenicity and muta
genicity tests have been carried out on the various 
fractions obtained after chromatography of such con
densates on a silica gel column (Bock, Swain & Sted- 
man, 1970; Kier, Yamasaki & Ames, 1974). Recently, 
the skin from smoked fishes, smoked meats and the 
smoke condensate used for their processing (Nagao, 
Honda, Seino, Yahagi & Sugimura, 1977) were shown 
to be mutagenic towards S a l m o n e l l a  t y p h i m u r i u m .

For a large proportion of people from Central 
Africa, an essential part of their dietary protein is 
obtained from fish smoked by an artisanal wood com
bustion procedure. Twenty PAHs have been isolated 
and identified in smoked fish from Zaire (K. Mos
sanda, unpublished data, 1978). Some of these are 
reported to exert various carcinogenic (C) effects in 
animals (Dipple, 1976; Hoffmann & Wynder, 1976) 
and, or mutagenic (M) effects towards S .  t y p h i m u r i u m  

strains (McCann, Choi, Yamasaki & Ames, 1975) as 
indicated below: anthracene (M), phenanthrene (M), 
fluoranthene, pyrene (M), chrysene (C,M), benz- 
[«]anthracene (C,M), triphenylene, benzo[a]pyrene 
(C,M), benzo[i>]fluoranthene (C), benzo[/]fluoran- 
thene (C), perylene, benzo [e] pyrene (C,M), benzo-

[g,M]perylene (C), o-phenylenepyrene, anthanthrene, 
coronene, dibenz[o,c]anthracene (C,M), benzo[fe]- 
tetraphene (C,M), dibenz[u,/i]anthracene (C,M), 
dibenzo[a,/]pyrene (C,M). Since the mutagenic ac
tivity of some of these compounds was still unknown, 
six compounds were tested using the S .  t y p h i m u r i u m  

strains. The compounds tested were: coronene, ben- 
zo[i/,fi,i]perylene, triphenylene, fluoranthene, o-pheny- 
lenepyrene and benzo[b]fluoranthene.

Experimental

M a t e r i a l s .  Coronene and benzo[g,h,i]perylene were 
obtained from Fluka (Leuven); triphenylene, fluoran
thene and o-phenylenepyrene from Aldrich Europe 
(Beerse), and benzo[b]fluoranthene from Koch-Light 
Laboratories Ltd. (Brussels). All other products were 
of the purest grade commercially available. PAHs 
were stored in the dark at 4°C in the presence of 
gaseous nitrogen. Dilutions were made in dimethyl- 
sulphoxide (DMSO).

A n i m a l s .  Adult male Wistar rats (200-250 g) were 
fed an RAL diet. The animals were injected ip (dosage; 
500mg/kg) with Arochlor 1254 diluted in corn oil 
(200mg/ml) 5 days before the preparation of the liver 
fractions (Ames, McCann & Yamasaki, 1975).

M u t a g e n i c i t y  a s s a y s .  S .  t y p h i m u r i u m  strains 
TA1530, TA1535, TA1537, TA1538, TA98 and TA100 
were kindly provided by Professor B. N. Ames. The 
post-mitochondrial (S9) fractions were obtained from 
three pooled rat livers, the homogenate (3 ml of 
015M-KCl/g wet liver) of which was centrifuged by 
the classical procedure (Ames e t  a l . 1975). The S9 mix 
was prepared according to Ames e t  a l .  (1975) by 
adding MgCl2 ( 8  /imol/ml mix), KC1 (33 /¿mol/ml 
mix), sodium phosphate ( 1 0 0  /imol/ml mix),.glucose-6 - 
phosphate (5/imol/ml mix) and N A DP+ (4/imol/ml 
mix). Either 100 /zl (25 mg wet liver)/ml or 300 p i  

(75 mg wet liver)/ml mix of S9 were used.
Plate tests were performed in duplicate by mixing 

substrate dilutions (0T ml/plate), 2-8 x 107 bacteria

141
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Fig. 1. Mutagenic activity of PAHs towards S .  t v p h im u r i u m  
strains TA1538 (O), TA100 (•), TA1537 (O), TA98 (x ) in 
the presence of S9 mix Arochlor 1254 (100/d S9/ml mix); 
(a) o-phenylenepyrene, (b) triphenylene, (c) coronene, (d) 
benzo[g,h,i]perylene.

from an overnight culture in nutrient broth (Difco)/ 
plate, and S9 mix (0-5 ml/plate) in histidine- biotin 
(0-05 mM)-supplemented top agar (2 ml/plate), which 
was layered on minimal glucose agar (Vogel Bonner 
E medium) in Petri dishes. The plates were incubated 
for 48 hr at 37°C in the dark and the numbers of 
h i s + revertant colonies were calculated. The toxicity

of the substrate was evaluated by determining the 
bacterial survival with a lower bacterial inoculum 
(104-fold dilution) and plates of nutrient agar (Difco).

Bacterial fluctuation tests were performed in tripli
cate using a modification of the method proposed by 
Green, Bridges, Rogers, Horspool. Muriel. Bridges & 
Fry (1977). Into a sterile tube kept in iced water, were 
successively introduced: liquid minimal glucose 
medium (Vogel-Bonner E medium) supplemented 
with histidine and biotin (0-005 mM) (4 ml), 2-8 x 107 

bacteria from an overnight culture in nutrient broth, 
substrate dilution in DMSO (01 ml), and S9 mix the 
composition of which was 300 /rl S9/ml mix (1ml). 
After homogenization, the mixture was distributed at 
a constant volume of 01 ml/tube in 50 sterile tubes. 
The tubes were then incubated at 37°C in the dark 
for 3 hr. Histidine-biotin-supplemented liquid mini
mal glucose medium ( 2  ml) containing bromocresol 
purple (BCP) (5 /rg/ml) was added to each tube. The 
incubation was then carried on at 37°C until a total 
incubation time of 72 hr had elapsed. The numbers 
of growing positive tubes/rack were counted.

Results

No mutagenic effect was detected with benzo[b] 
fluoranthene towards any of the tested strains. In the 
presence of S9 mix, mutagenic ictivity was observed 
with o-phenylenepyrene, coro ¡ene, benzo[<?,fi,i]pery- 
lene and triphenylene by the plate incorporation 
method (Fig. 1). Under these conditions, no cytotoxic 
effects of PAHs were detected. With o-phenylene
pyrene, the strains TA100, TA1537 and TA1538 
reverted at concentrations in the region of 3 pg/plate. 
TA100 h i s *  revertants increased considerably with 
triphenylene at 10 pg/plate or more. With coronene.

Table 1. R e s u l t s  o f  f l u c tu a t io n  t e s t s

Polycyclic aromatic 
hydrocarbon Strain

Substrate
dilution
(/ig/ml)

Average no. of 
positive tubes per rack Significance

(P)Control Treated

Benzo[6 ] fluoranthene TA98 1 0 2 1 20-3 NS
1 0 0 18 NS

TA100 1 0 23-6 24-6 NS
1 0 0 30-6 NS

Triphenylene TA98 50 18-3 26-6 NS
1 0 0 30-3 <0-05

TA100 50 36-3 36 NS
1 0 0 41-3 NS

Benzor a ,h , i l  perylene TA98 1 17-3 21-3 NS
. 1 0 27 <0-05

TA100 1 33 33-6 NS
1 0 39-3 NS

TA1538 1 19-6 15 NS
1 0 31-3 <0-05

Coronene TA98 2 26-6 32-6 NS
2 0 38 <0-05

TA100 2 18-3 18-3 NS
2 0 19-3 NS

o-Phenylenepyrene TA98 0-5 23 316 NS
5 32 NS

Fluoranthene TA98 1 0 18-3 2 2 - 6 NS
1 0 0 46-3 < 0 - 0 1

TA100 1 0 29-3. 26-3 NS
1 0 0 50 < 0 - 0 1

NS = Not significant
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TA1538 and TA98 were the most sensitive strains: 
a reversion to histidine prototrophy was noticeable 
at a concentration of 1 /rg/plate. With benzo[g,h,i]- 
perylene, a concentration of 2  /rg/plate caused the 
strain TA1537 to revert.

By utilizing the bacterial fluctuation test (Table 1), 
weakly positive effects were observed with triphen- 
ylene (TA98), benzo[i/./i,i]perylene (TA98. TA1538) 
and coronene (TA98). With fluoranthene, a highly sig
nificant positive response (P < 001) was obtained 
with the strains TA98 and TA100 although this latter 
compound showed no mutagenic activity in the classi
cal plate incorporation method.

Discussion

Because of their poor water solubility, these PAHs 
were generally tested at a narrow range of concen
trations. Nevertheless, the doses where an increasing 
reversion to prototrophy was observed ( 1 - 1 0  /rg/plate) 
were of the same order as the doses of other common 
PAHs such as benzo[o]pyrene that are active. More
over, the strains sensitive towards these compounds 
were those on which many PAHs have already 
demonstrated a positive mutagenic effect (McCann e t  

a l . 1975). These results point out the possible long
term deleterious effects associated with the presence 
of PAHs in the human environment and particularly 
in some smoked foods.
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Abstract—Patulin and penicillic acid inhibited the activity of the enzyme urease. The inhibitory action 
was reduced by addition of cysteine, suggesting that the toxin-enzyme interaction was due to a blocking 
of essential thiol groups in the enzyme molecule. The lowest concentrations of patulin and penicillic 
acid found to have an inhibitory effect on the urease preparation tested were 1-7 x 10“5 M and 
11 x 10“ 5 M. respectively.

Introduction

Patulin is a toxic secondary metabolite of Pénicil
lium patulum, P. expansum and other moulds (Reiss,
1972) and is known to interact with compounds con
taining thiol groups, such as cysteine and glutathione 
(Hoffmann, Mintzlaff, Alperden & Leistner, 1971; 
Reiss, 1976). The patulin-cysteine adducts retain some 
bacteriostatic activity (Geiger & Conn, 1945) and are 
teratogenic to chick embryos (Ciegler, Beckwith & 
Jackson, 1976). Various enzymes with essential thiol 
groups, such as lactic and alcoholic dehydrogenases 
(Ashoor & Chu, 1973a) and muscle aldolase (Ash- 
moor & Chu, 1973b) are inhibited by patulin. It was 
recently shown (Reiss, 1977) that this toxin reduces 
the activity of urease, which has thiol groups as its 
active sites (Gorin, 1962).

Penicillic acid is a toxic and carcinogenic metabo
lite of various Pénicillium species (Reiss, 1972). 
According to Ciegler, Mintzlaff, Weisleder & Leistner
(1972) it is capable of reacting with thiol-containing 
amino acids. The resulting adducts are not toxic to 
mice and quails but are still toxic to the chick 
embryo.

Since it was not known whether penicillic acid 
reduced the activity of the thiol-enzyme urease, the 
influence of this mycotoxin and also of patulin on 
the activity of urease was studied quantitatively for 
purposes of comparison. As cysteine, an amino acid 
containing a thiol group, is able to react with patulin 
as well as with penicillic acid (Ciegler et al. 1972) 
it seemed to be possible that the inhibitory action 
of these toxins towards urease might be reduced by 
this amino acid.

Experimental

Influence o f the toxins on urease. Urease (Merck 
AG, Darmstadt) and urea (Merck AG), each in 1% 
aqueous solution, were mixed in volumes of 1 and 
2 0  ml, respectively, and the conductivity of the mix
ture was measured at 1 -min intervals with a recorder 
ENV 4 (Technowa, Neuss). After the fifth measure

ment, 1 ml of a 0 0 2 % aqueous solution of patulin 
(Dr. F. A. Norstadt, Agricultural Research Service, 
Fort Collins, Colorado, USA) or of penicillic acid 
(Makor Chemicals Ltd., Jerusalem, Israel) was added 
and the conductivity was recorded for another 6  min.

Influence o f cysteine on the action o f the toxins. The 
enzyme test was performed as described above, and 
6  min after the addition of patulin or penicillic acid, 
3 ml of a 0-9% aqueous solution of cysteine (Merck 
AG) was added and the conductivity was recorded 
for another 5 min.

Determination o f the lowest inhibitory concentration 
o f the toxins. After an incubation period of 6  min the 
standard urea-urease mixture was mixed with
01-0-5m l of the 0  0 2 % aqueous solutions of the indi
vidual toxins and the conductivity was again recorded 
for 6  min.

Results

Before the addition of the mycotoxins, a constant 
increase in conductivity was observed in the urea- 
urease mixture. After the addition of penicillic acid 
or patulin, the increase in conductivity was markedly 
weaker, but additions of cysteine resulted in a further 
increase in the conductivity in the case of both toxins 
(Fig. 1). The lowest toxin levels that showed an inhibi
tory effect were 0-25 ml of the 0-02% patulin solution, 
equivalent to 1-7 x 10"5 M, and 0-20 ml of the penicil
lic acid solution, equivalent to IT x 10"5 m (Fig. 2).

Discussion

The present study shows that penicillic acid may 
be an enzyme poison reacting with essential thiol 
groups. In this respect, the action of penicillic acid 
is similar to that of patulin; the ability of the latter 
to interact with the thiol groups of urease (Reiss,
1977) has been confirmed quantitatively. As is shown 
in Fig. 1, cysteine interferes with the inhibitory action 
of both toxins, resulting in a nearly normal increase 
of conductivity. The interactions of patulin and peni-
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Tims, min

F:g. 1. Inhibition of urease by addition of 1 ml of 002% patulin (•) or of 002% penicillic acid (■) 
to 21 ml reaction medium, and the effect of adding 3 ml of a 0-9% solution of cysteine: (1) addition 
of toxin; (2 ) addition of cysteine.

cillic acid with cysteine, used as a model substance 
for thiol compounds, are based upon addition of the 
amino acid to the isolated double bonds of the toxin 
molecules (Ciegler e t  a l .  1972). The lowest inhibitory 
concentrations in the urea-urease mixture were
1-7 x  10“ 5 m for patulin and IT x  1 0 '5 M for penicil
lic acid. Because of a lack of exact data in their paper, 
it cannot be explained why Hoffmann-Ostenhof & 
Lee (1946) came to the conclusion that patulin was 
unable to inhibit the activity of urease. Probably the 
enzyme activity in the raw urease preparation made 
from soya-bean meal had unusual properties.

Volume, ml

Fig. 2. Effects of various additions of patulin (•) and peni
cillic acid (■) on the activity of urease, as indicated by 
changes in conductivity (in %) recorded 5 min after addi
tion of the toxin.
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Abstract—Analysis of a total of 100 samples of blue-moulded cheese showed that 38 contained myco- 
phenolic acid, three at levels higher than 10 ppm. This contamination is particularly frequent in some 
types of cheese, and is due to the use, in their manufacture, of those Penicillium  roqueforti strains 
that produce a high yield of mycophenolic acid in vitro.

Introduction

It has been suggested that mycophenolic acid was 
probably the first antibiotic substance to be purified 
(Wilson, 1971). Its biosynthesis has been studied in 
Penicillia of the a s y m m e t r i c a - v e l u t i n a  type. P. h r e v i -  

c o m p a c t u m .  P .  s t o l o n i f e r u m  and P. b i a l o w i e z e n s e ,  as 
well as in an a s y m m e t r i c a - f a s c i c u l a t a  species, P. v i n d i 

c a t i o n  (Burton. 1949: Florey. Jennings. Gilliver & 
Sanders. 1946: Gosio. 1896). Recently, it was reported 
that cultures of various strains of P. r o q u e f o r t i  iso
lated from cheeses produced mycophenolic acid when 
grown in  v i t r o  on a synthetic or semi-synthetic 
medium or on curdled milk (Lafont, Debeaupuis, 
Gailiardin & Payen, 1978). This observation led us 
to study whether blue-moulded cheeses were contami
nated with this substance.

Experimental

C h e e s e s .  All samples came from commercial 
sources, and were of a degree of ripeness suitable for 
consumption. Analyses were carried out on various 
commercially marketed brands of each of the types 
of cheese listed in Table 1.

E x t r a c t i o n  o f  m y c o p h e n o l i c  a c i d .  Cheese samples 
(20 g) were homogenized in 100 ml 5 %  NaCl in a 
Braun MX 32 homogenizer. The homogenate was

adjusted to pH 6 0 with 10% acetic acid, and 100 ml 
methanol and 60 ml acetone were added. The mixture 
was homogenized again for 1 min and filtered on 
Fioroni 101 paper. The filtrate was stored overnight 
at — 22°C, and then filtered on Whatman 2V paper. 
Acetone and some of the methanol were evaporated 
under vacuum, and the remaining filtrate was washed 
three times with an equal volume of hexane. Residual 
methanol was removed by evaporation, and the 
aqueous phase was extracted three times with an 
equal volume of chloroform. The chloroform solution 
was filtered on anhydrous sodium sulphate and con
centrated under vacuum to 2 ml.

This extract was purified by partition chroma
tography on a 20 g Davison 100-200 mesh silica 
column saturated with aqueous methanol (9:1. v/v). 
The first elution was with 100 ml hexane equilibrated 
with aqueous methanol, and the second with 100 ml 
chloroform-methanol-hexane-acetic acid (97:2:2:0-1, 
by vol.).

T h i n - l a y e r  c h r o m a t o g r a p h y  a n d  a s s a y .  Silica-gel 
thin-layer chromatography was carried out in jars 
in a saturated atmosphere, with elution by either 
chloroform-ethyl ether-90% formic acid (60:20:0-1, 
by vol.), or chloroform-ethyl acetate-90% formic 
acid (60:40:0-2, by vol.).

Mycophenolic acid was assayed after the drying of 
the chromatograms (at 120°C for 15 min), or after

Table 1. C ontam ination o f  100 cheese sam ples b y  m ycophenolic acid

No. of samples
contaminated with mycophenolic acid at a level (ppm) between: 

No. of samples --------------------------------------------------------------------------
Type of cheese analysed 0 0 1  and 0 -1 0 -1  and 1 1 and 5 5 and 10 1 0  and 15

Gorgonzola 12 3 0 0 0 0

German blue cheese 12 2 1 0 0 0

Tilsitt 6 0 0 0 0 0

Stilton 5 0 0 0 0 0

Roquefort 25 I 2 1 0 5 3
Bleu des Causses 6 1 2 0 0 0

Bleu d’Auvergne 8 0 0 0 0 0

Fourme d'Ambert 9 0 0 0 0 0

Industrial French cheeses* 15 1 3 2 0 0

Melted cheese (Roquefort) 2 0 0 2 0 0

*Brand-name products of unspecified origin.
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th e ir  e x p o su re  to  a m m o n ia  v a p o u r . T h e  tw o  assay  
sy s te m s u se d  w ere  a  v isu a l c o m p a r is o n  o f  th e  in te n 
sity  o f  th e  flu o resce n ce  w ith  th a t  o f  a  k n o w n  s ta n d a rd  
(c ry s ta llized  m y c o p h e n o lic  ac id , p re p a re d  in th e  
la b o ra to ry  fro m  c u ltu re s  o f  P. brevi-compactum), a n d  
f lu o ro d e n s ito m e try  u s in g  a  V e rn o n  f lu o ro d e n s it-  
o m e te r , m o d e l P H I  5, w ith  a  h ig h -p re s su re  m erc u ry  
so u rc e  (e x c ita tio n  w a v e le n g th , 254  n m ; se c o n d a ry  fil
ter, W ra t te n -K o d a k  47 B).

P . ro q u e fo r t i  strains. F o r  so m e  cheeses, c u ltu re s  
w ere  o b ta in e d  o n  C z a p e k  m e d iu m  by  in o c u la tin g  th e  
m o u ld  ta k e n  fro m  th e  c e n tre  o f  th e  m ass. T h e  in vitro 
c a p a c ity  fo r m y c o p h e n o lic  a c id  p ro d u c tio n  by  th ese  
c u ltu re d  s tra in s  w a s  a s sa y e d  in  su b c u ltu re s  a f te r  in c u 
b a tio n  fo r  10 d a y s  a t  15°C, a c c o rd in g  to  th e  e x p e ri
m e n ta l  p ro to c o l  a lre a d y  d e sc rib e d  (L a fo n t et al. 1978).

Results

O f  th e  100 sa m p le s  o f  cheese  s tu d ie d , 38 w ere  fo u n d  
to  c o n ta in  m y c o p h e n o lic  ac id . T h e  p r o p o r t io n  o f  
sa m p le s  so  c o n ta m in a te d  v a r ie d  w ith  th e  ty p e  o f  
cheese. T h e  R o q u e fo r t  s a m p le s  sh o w e d  th e  h ig h es t 
in c id en ce , w ith  84%  affec ted , w h ile  c o n ta m in a tio n  w as 
r a re  in o th e r  types . N o n e  w as d e te c te d  in  th e  B leu 
d 'A u v e rg n e . F o u rm e  d ’A m b e rt, T ils i t t  a n d  S tilto n  
sa m p le s  (T ab le  1). H ig h  c o n c e n tra t io n s  o f  m y c o 
p h e n o lic  a c id  w ere  fo u n d  o n ly  in  th e  R o q u e fo r t 
sa m p le s , th e  m a x im u m  b e in g  14-3 p pm .

A ll o f  th e  s t r a in s  o f  b lu e  m o u ld  iso la te d  fro m  34 
sa m p le s  o f  ch eese  w ere  fo u n d  to  b e lo n g  to  th e  species 
P. roqueforti T h o m , a c c o rd in g  to  th e  d e sc rip tio n  o f 
S a m so n , E c k a rd t  &  O r th  (1977). M y c o p h e n o lic  acid  
w as a ssa y ed  in  c h lo ro fo rm  e x tra c ts  o f  th ese  c u ltu re s , 
a f te r  10 d a y s  a t  15°C o n  m o d ifie d  C z a p e k  m ed iu m  
(B rian , D a w k in s , G ro v e , H e m in g , L o v e  &  N o rr is ,  
1961). T h e  re su lts  a re  sh o w n  in  T a b le  2. A c lo se  c o r re 
la tio n  is a p p a re n t  b e tw ee n  th e  m y c o p h e n o lic  acid  
levels in  a  ch eese  sa m p le  a n d  in th e  c u ltu re  d e riv ed  
fro m  th e  sa m e  sam p le . In  n o  c a se  d id  c u ltu re s  
o b ta in e d  fro m  ch eeses  in w h ich  n o  m y c o p h e n o lic  ac id  
w as fo u n d  p ro d u c e  m o re  th a n  0  04 0  m g  m y c o p h e n o lic  
a c id /g  d ry  w e ig h t o f  c u ltu re . In  c o n tra s t ,  a ll c u ltu re s  
p ro d u c in g  m o re  th a n  1 m g /g  c a m e  fro m  ch eeses w ith  
m y c o p h e n o lic  a c id  levels g re a te r  th a n  1 pp m .

Discussion
T h e  a n a ly tic a l  te c h n iq u e  th a t  w e h a v e  d e v e lo p ed  

is re la tiv e ly  s im p le  a n d  fast. I ts  se n sitiv ity  is sa tis fac 
to ry , q u a n ti t ie s  a s  sm a ll a s  0 002 /tg  b e in g  d e te c te d  
w h ile  c o n c e n tra t io n s  in ch eese  a s  low  a s  0-02 p p m  c an  
b e  d e te rm in e d  q u a n ti ta t iv e ly . A d d it io n  o f  m y c o 
p h e n o lic  ac id  to  sa m p le s  h a s  sh o w n  th a t  re co v e ry  is 
b e tw ee n  80 a n d  85% . T h is  m e th o d  y ie lds e x tra c ts  less 
rich  in  p ig m e n ts  a n d  lip id s th a n  th o se  p ro d u c e d  by 
th e  m e th o d  o f  S h ih  &  M a r th  (1971) a n d  u se d  by  S c o tt 
&  K e n n e d y  (1976) to  assay  fo r ro q u e fo r t in e  in 
cheeses.

M y c o p h e n o lic  a c id  is b e tte r  k n o w n  fo r i ts  a n ti 
b io tic  a c tio n , a g a in s t  b a c te r ia  a n d  m ic ro m y ce te s , a n d  
fo r  its  a n tiv ira l  p ro p e r t ie s  th a n  fo r its  to x ic ity . N e v e r
th e le ss , W ilso n  (1971) c la ssed  it a m o n g  th e  m yco- 
to x in s , c itin g  s tu d ie s  in  th e  ra t,  m o n k e y  a n d  o th e r  
species. In  th e  ra t,  o ra l  a d m in is t r a t io n  o f  d a ily  d o se s  
o f  th e  o rd e r  o f  30 m g /k g  c a u se d  a n a e m ia , w ith  d e a th  
fo llo w in g  sev e ra l w eeks a te r . L o w e r d o se s  fed to  
fem ale  r a ts  p re v e n te d  im p la n ta t io n  o f  fe rtiliz ed  ova . 
M o n k e y s  fed 150 m g /k g  d a ily  fo r  2 w k d e v e lo p ed  a b 
d o m in a l  p a in s , d ia r rh o e a  w ith  b le e d in g  a n d  a n ae m ia . 
C h ic k -e m b ry o  d e v e lo p m e n t w as in h ib ite d  by  re la 
tive ly  sm a ll d o se s  o f  m y c o p h e n o lic  ac id , th e  L D 50 
b e in g  a p p ro x im a te ly  1 /tg /eg g  (L a fo n t et al. 1978). 
L o n g -te rm  to x ic ity  s tu d ie s  o n  ra b b its ,  h o w e v er, h av e  
d e m o n s tra te d  th a t  d a ily  o ra l  d o se s  o f  80 o r  320  m g /k g  
d o  n o t  p ro d u c e  p a th o lo g ic a l  c h an g e s  (A d am s, T o d d  
&  G ib s o n ,  1975), a n d  in  m ice  th e  L D 50 is 973  m g /k g  
by th e  ip  ro u te  a n d  h ig h e r  th a n  1 -25 g /k g  b y  o ra l 
a d m in is t r a t io n  (W illiam s, B o eck , C lin e , D e  L o n g , 
G e rz o n , G o rd e e , G o rm a n . H o lm es , L a rse n , L ively  &  
M a tth e w s , 1968). F ro m  th e  b io c h e m ic a l p o in t  o f  view , 
m y c o p h e n o lic  a c id  in h ib its  n u c le ic  ac id  syn th esis , 
e x e r tin g  a  specific  effect u p o n  g u a n in e  m e ta b o lism  
(F ra n k lin  &  C o o k , 1969; K le in sc h m id t, M u rp h y  &  
H a y es , 1977; Sw eeney , H o ffm a n  &  E s te rm a n , 1972).

•It is  u n lik e ly  th a t  th e  c o n su m p tio n  o f  c o n ta m in a te d  
ch ee se  w o u ld  c a u se  a c u te  to x ic ity , in  v iew  o f th e  r e la 
tive ly  low  c o n c e n tra t io n s  o f  m y c o p h e n o lic  a c id  in 
vo lved . H o w ev er, g iv en  th e  b io c h e m ic a l a n d  a n t i 
b io tic  p ro p e r t ie s  o f  th is  c o m p o u n d , it is d e s ira b le  th a t  
c o m m e rc ia l  d a iry  fo o d s  c o n su m e d  in la rg e  q u a n ti t ie s  
sh o u ld  n o t  be  c o n ta m in a te d  a t levels o f  th e  o rd e r  
fo u n d  in  so m e  sam p les.

Table 2. R e l a t i o n  b e t w e e n  th e  m y c o p h e n o l i c  a c i d  le v e l  in  c h e e s e  a n d  in vitro p r o d u c t i o n  o f  
t h e  m e ta b o l i t e  b y  t h e  P. roqueforti i s o la t e s

Total no. 
of cheese 
samples

Levels (ppm) of 
mycophenolic acid 

in cheeses

No. of 
P . r o q u e fo r t i  

isolates 
cultured

Mycophenolic acid (mg/g’ 
produced in  v i t r o  by 

individual isolates

*)

15 < 0 0 1 15 0006 0 - 0 2 0 0 -C12 0-016
0 0 2 2 0-014 0-005 0-004
0009 0040 0-C05 0-024
0018 0-018 0-C08

4 0 0 1 - 0 1 4 0096 0-066 0-C32 0-280
4 0 -1 -1 5 0-880 0-240 0-310 0-460

0098 2-820
4 1-5 6 0-360 0-920 1-240 2 - 2 2 0

0-850
2 5-10 2 6-250 3-080
2 10-15 2 3-120 4-160

* A s  mg mycophenolic acid/g dry culture.
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O u r  re su lts  sh o w  th a t  m y c o p h e n o lic  ac id  c o n ta m i
n a tio n  o f  cheeses is d u e  to  th e  use  o f  c e r ta in  s tra in s  
o f  P. roqueforti in th e ir  m a n u fa c tu re . F ro m  th e  p u b lic  
h e a lth  v iew p o in t, it seem s re a so n a b le  to  su g g est th a t  
on ly  s tr a in s  w ith  k n o w n  m y c o p h e n o lic  a c id -sy n th es is  
levels sh o u ld  be u sed  in  th e  m a n u fa c tu re  o f  cheese, 
a  re s tr ic tio n  m o s t u n lik e ly  to  p re ju d ic e  th e  p a la ta b i-  
lity  o f  th e  p ro d u c ts .

A c k n o w l e d g e m e n t s —This work was supported in part by 
contract No. 77-12 from the Ministère de la Qualité de 
la Vie.
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THE ‘CARRY-OVER’ OF AFLATOXIN, OCHRATOXIN 
AND ZEARALENONE FROM NATURALLY 

CONTAMINATED FEED TO TISSUES,
URINE AND MILK OF DAIRY COWS

B. J. Shreeve, D . S. P. Patterson a n d  B. A. Roberts 
C e n t r a l  V e t e r in a r y  L a b o r a t o r y .  W e y h r i d g e .  S u r r e y  K T I 5  3 N B .  E n g l a n d

( R e c e i v e d  3 0  O c to b e r  1 9 7 X)

A bstract—Concentrate rations containing 385-1925 pg zearalenone/kg or 317-1125 pg ochratoxin A/kg 
were prepared from naturally contaminated cerals and were each fed to two adult cows, the zearalenone 
ration for 7 wk and the ochratoxin ration for 11 wk before slaughter. Aflatoxin B, was fortuitously 
present in both rations at a concentration of 20 pg/kg. Residues of zearalenone, ochratoxin x and 
aflatoxin B, were not detected in muscle, liver, kidney, serum, milk or urine, but ochratoxin A was 
detected in the kidneys of one cow at a concentration of about 5 pg/kg and aflatoxin M, was detected 
in the kidneys, milk and urine of all animals at concentrations varying from trace amounts to 0 - 6  pg/kg.

Introduction
D u rin g  th e  p a s t  few  y e a rs  tra c e  a m o u n ts  o f  v a rio u s  

fu n g a l to x in s  h av e  b e en  d e te c te d  in  a b o u t  11%  o f 
sa m p le s  o f  a n im a l feedstuff's a n a ly se d  in  th e  c o u rse  
o f  in v e s tig a tio n a l  w o rk  a t  th e  C e n tra l  V e te r in a ry  
L a b o ra to ry , W e y b rid g e . T h e  m o s t fre q u e n tly  e n c o u n 
te red  h a v e  b e en  a f la to x in , o c h ra to x in  A a n d  z e a ra 
lenone. T h e  e x p e r im e n ta l ‘c a r ry -o v e r ' o f  a f la to x in  B , 
o r  its  m e ta b o li te  M  i to  tissu es, eggs a n d  m ilk  o f  fo o d - 
p ro d u c in g  a n im a ls  h a s  b e en  w ell d e sc rib e d  by R o d - 
r ick s  &  S to lo ff  (1977) a n d  o th e rs , b u t  m ilk  is p ro b a b ly  
th e  on ly  h u m a n  fo o d  o f  a n im a l o rig in  k n o w n  to  be 
c o n ta m in a te d  n a tu ra lly  w ith  a n  a fla to x in . F e w  m ilk  
su rv ey s h a v e  b e e n  p u b lish e d  h o w e v e r (see rev iew  by  
P a tte rso n , 1979), a n d  th e re  is lit t le  o r  n o  in fo rm a tio n  
c o n c e rn in g  o c h ra to x in  A o r  z e a ra le n o n e  re sid u es . 
T h e re fo re  it seem ed  im p o r ta n t  to  find  o u t w h e th e r  
these  to x in s , o c c u r r in g  n a tu ra lly  in  a n im a l feeds, 
m ig h t p ass in to  b o v in e  m ea t o r  m ilk  a n d  p re se n t a  
h a z a rd  to  h u m a n  h e a lth .

Experimental
N a tu ra l ly  m o u ld e d  w h e a t c o n ta in in g  z e a ra le n o n e , 

a n d  b a r le y  c o n ta in in g  o c h ra to x in  A w ere  o b ta in e d  
fro m  se p a ra te  fa rm s  w ith  fe e d -s to ra g e  p ro b lem s. T h e  
ce re a ls  w ere  g ro u n d  se p a ra te ly  a n d  m ix ed  w ith  o th e r  
feed c o m p o n e n ts  to  p ro v id e  b a la n c e d  a n d  p a la ta b le  
ra tio n s . T o  a v o id  d ig es tiv e  u p se ts , th e  a m o u n t  o f  
cerea l w as in c re a se d  g ra d u a lly  o v e r a  p e r io d  o f  2 w k 
to  a  m a x im u m  o f  a p p ro x im a te ly  80%  o f  th e  to ta l  c o n 
c e n tra te  r a t io n  in  e ac h  case.

F o u r  b a tc h e s  o f  e ach  ra t io n  w ere  p re p a re d  a n d  th e  
fin a l m ixes c o n ta in e d  3 8 5 -1 9 2 5  p g  z e a ra le n o n e /k g  o r  
3 1 7 -1 1 2 5 p g  o c h ra to x in  A /kg . A ll b a tc h e s  o f  b o th  
m ix e s  w ere fo u n d  to  c o n ta in  a f la to x in  B , a t  a  c o n c e n 
t r a t io n  o f  20 p g /k g  p re su m a b ly  a s  a  re su lt  o f  th e  use  
o f  a  c o n ta m in a te d  ‘b a la n c e r ’ in  fo rm u la tin g  th e  fin a l 
ra tio n s . F eed s w ere  s to re d  in  a  c lo sed  b a rn  d u r in g  
th e  c o u rse  o f  th e  e x p e r im e n t a n d  th e  levels o f  th e  
th ree  m y co to x in s  w ere  ch ec k ed  ev ery  3 -4  w k  to  d e te c t 
an y  f lu c tu a tio n .

T w o  a d u lt  Je rse y  m ilk in g  co w s w ere  fed in d iv 
id u a lly  10 k g  d a ily  o f  th e  c o n c e n tra te  r a t io n  c o n ta in 
in g  z e a ra le n o n e  fo r 7 w k a n d  a  se c o n d  p a ir  w ere  fed 
th e  sa m e  q u a n ti ty  o f  th e  o c h ra to x in  A  ra t io n  fo r 
11 w k. E ac h  c o w  rece iv ed , in  a d d it io n ,  9  k g  h a y /d a y  
a n d  w a te r  ad lib. T h e  m ilk  y ie ld  w as re c o rd e d  tw ice 
d a ily  a n d  m ilk  sa m p le s  w ere  c o lle c ted  d u r in g  th e  las t 
w eek  o f  th e  feed in g  p e rio d . A n im a ls  w e re  w e ig h ed  
a n d  b led  every  14 d ays. M ilk  a n d  se ru m  w e re  s to re d  
a t  — 20 C  u n til  e x am in ed . W h e n  e a c h  feed  h a d  been  
e x h a u s te d , th e  co w s w ere  s la u g h te re d  a n d  sa m p le s  o f  
liver, k id n ey , m u sc le  (m . b ice p s  fem o ris) a n d  u rin e  
w ere  o b ta in e d  a n d  s to re d  a t  — 20°C .

A fla to x in  B t a n d  M , c o n c e n tra t io n s  w ere  d e te r 
m in e d  in h o m o g e n iz e d  tissu es, se ru m , m ilk  a n d  u rin e  
by  a n  a d a p ta t io n  o f  th e  R o m e r (1975) m e th o d  d e 
sc rib e d  by  P a tte rso n , S h reev e  &  R o b e r ts  (1979). A n a 
ly tica l lim its  w ere  001 p g /k g  fo r u r in e  a n d  m usc le , 
0  02  p g /k g  fo r se ru m , 0-03 p g /k g  fo r m ilk  a n d  
0  05 p g /k g  fo r k id n e y  a n d  liver, b u t sm a lle r  c o n c e n 
t ra t io n s  c o u ld  b e  d e te c te d  q u a lita tiv e ly .

O c h ra to x in  A a n d  x w ere  d e te rm in e d  in  m ilk , tis 
sues, se ru m  a n d  u r in e  u s in g  th e  m e th o d  o f  N e sh e im . 
H a rd in , F ra n c is  &  L a n g h a m  (1973) a s  u se d  by  
K ro g h , A xelsen , E llin g , G y rd -H a n s e n , H a ld , H y ld -  
g a a rd -Je n se n , L a rsen , M a d se n , M o r te n se n , M o lle r . 
P e te rs e n , R a v n sk o v , R o s tg a a rd  &  A a lu n d  (1974), a n d  
z e a ra le n o n e  w as d e te rm in e d  by  a  m o d if ic a tio n  o f  th e  
m e th o d  o f  M iro c h a , S c h a u e rh a m e r  &  P a th re  (1974) 
d e sc rib e d  b y  P a t te r s o n  et al. (1979).

Results and Discussion

C o w s re m a in e d  c lin ica lly  n o rm a l  th ro u g h o u t  th e  
feed in g  p e r io d  a n d  th e re  w as n o  o b v io u s  effect o n  
th e  m ilk  y ields. A t a u to p sy , m u lt ip le  sm a ll g rey  
le s io n s w ere  fo u n d  o n  th e  k id n e y s  o f  b o th  co w s fed 
th e  o c h ra to x in -c o n ta m in a te d  d ie t ;  h is to lo g ic a l e x a m 
in a tio n  sh o w ed  th e  p re sen c e  o f  a  su b a c u te  in te rs t i tia l  
n e p h r itis  th o u g h t  to  b e  u n c o n n e c te d  w ith  th e  in g es
tio n  o f  o c h ra to x in . N o  o th e r  g ro ss  le s io n s  w ere  seen.
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Table 1. A f l a t o x i n  M, in  k i d n e y s  a n d  b o d y  f l u i d s  o f  c o w s  f e d  d i e t s  c o n t a in 
in g  z e a r a le n o n e  a n d  a f l a t o x i n  B, o r  o c h r a to x in  A  a n d  a f la to x i r , B,

Diet* Cow no.

Aflatoxin M, concn (pg/kg) in

Kidney Milk Urine

Zearalenone 1 0-07 006 0-50
2 Trace Trace 0 - 1 2

Ochratoxin A 3 0-2 0-06 009
4 0-2 0-06 0 - 2 2

*The diets contained either 385-1925/ig zearalenone/kg and 20 pg afla
toxin B,/kg or 317-1125/<g ochratoxin A/kg and 20 fig aflatoxin 
Bj/kg.

N o  re s id u e s  o f  z e a ra le n o n e  ( < 4 / r g /k g )  w ere  
d e te c te d  a lth o u g h  c o n c e n tra t io n s  u p  to  n e a rly  
2 m g /k g  w ere p re se n t in  th e  e x p e r im e n ta l  feed. O c h ra 
to x in  A w as d e te c te d  o n ly  in  th e  k id n ey s  o f  o n e  a n i
m a l a n d  th e  m e ta b o li te  o c h ra to x in  a  w as n o t  d e te c te d  
a t a ll (d e te c tio n  lim it a b o u t  5 /ig /kg). In  p a r tic u la r  
th e  u r in e  a n d  m ilk  w ere  free o f  o c h ra to x in  A a n d  
th e  m e ta b o lite . T h is  f in d in g  c o n tra s te d  w ith  th e  fin d 
in g s  o f  R ib e lin , F u k u s h im a  &  S till (1978), w h o  
d e te c te d  sig n ific a n t a m o u n ts  o f  o c h ra to x in  A a n d  
o c h ra to x in  x in  th e  m ilk  o f  o n e  co w , b u t  o n ly  fo llo w 
in g  th e  a d m in is t r a t io n  o f  a  la rg e  d o se  o f  th e  tox in .

In te r s ti t .a l  n e p h r it is  is  c o m m o n  in  a d u lt  c a t t le  a n d  
a lth o u g h  o c h ra to x in  A is a  p o te n t  n e p h ro to x in  
(K ro g h  et al. 1974). th e re  seem s to  b e  n o  re a so n  to  
im p lic a te  it in  th e  c ase  o f  th ese  tw o  cow s. T h e  p o ss ib i
lity  o f  a n  a s so c ia t io n  is th e  su b je c t o f  a  c u r re n t  e x p e ri
m en t, h o w ev er. A p a r t  fro m  th is  p o ss ib ility , o c h ra to x in
A. like  z e a ra le n o n e . a p p e a rs  n o t  to  b e  ‘c a r r ie d -o v e r ’ 
s ig n ifican tly  in to  m e a t a n d  m ilk  w h en  d ie ta ry  c o n c e n 
tra t io n s  o f  n a tu r a l  c o n ta m in a n ts  a re  in  th e  1-2 m g /k g  
range.

T h e  a c c id e n ta l c o n ta m in a tio n  o f  th e se  e x p e r im e n ta l 
r a t io n s  w ith  a f la to x in  B , p ro d u c e d  so m e  in te re s tin g  
re su lts  w h ic h  ra ise  im p o r ta n t  q u e s tio n s . T h e  c o n c e n 
tra t io n  o f  a f la to x in  B , in  th e  e x p e r im e n ta l r a t io n s  w as 
th e  m a x im u m  c u rre n tly  a llo w e d  in  d a iry  r a t io n s  in 
th e  U K  by th e  F e r til is e rs  a n d  F ee d in g s tu ffs  (A m e n d 
m en t)  R e g u la tio n s  1976 a n d  it  w as to  b e  e x p ec ted , 
th e re fo re , th a t  n o  a f la to x in  B ! re s id u e s  w o u ld  be 
d e te c te d . A fla to x in  M i w as d e te c te d  in  m ilk  a t  a p 
p ro x im a te  y p re d ic ta b le  levels h o w e v er. T h a t  is, g iven 
th a t  th e  r a t io  o f  a f la to x in  B ! in  feed to  a f la to x in  M j 
in  m ilk  is  300  (R o d ric k s  &  S to lo ff, 1977) th e  la t te r  
c o n c e n tra t io n  w o u ld  b e  a b o u t  0  07  f ig /litre  (cf. T a b le  1). 
T h e  u n e x p e c te d  re su lt  w a s  to  fin d  a f la to x in  in 
th e  k id n ey s  a n d  u r in e  o f  a ll  fo u r  co w s (T ab le  1). In 
p a r tic u la r ,  th e  m ea n  c o n c e n tra t io n  o f  a f la to x in  M ! 
in  th e  k id n e y s  (0 -1 5 /rg /k g ) is 0-75%  o f  th e  c o n c e n 
t r a t io n  o f  a f la to x in  B ! in  th e  feed, w h ich  su g g e sts  th a t  
th e  ‘c a r ry -o v e r ’ to  b o v in e  k id n e y  is r a th e r  h ig h e r  th a n  
to  p o rc in e  k id n ey  (R o d ric k s  &  Sto.lofT, 1977) a n d  frp m  
th e  p re se n t d a ta  e v id e n tly  h ig h e r  th a n  fo r b o v in e  
liver. It is p o ss ib le , th e re fo re , th a t  th e  k id n e y  is a  
se n sitiv e  in d ic a to r  o f  a f la to x in  e x p o su re  in  ca ttle .

A lth o u g h  c o n c lu s io n s  c a n n o t  safely  b e  d ra w n  fro m  
th e  p re se n t  e x p e r im e n t in w h ich  so  few  a n im a ls  w ere  
u sed , o c h ra to x in  A m ay  h a v e  in flu e n ce d  th e  a c c u m u 
la tio n  o f  a f la to x in  M j in  th e  k id n e y ; it w ill be  seen  
th a t  th e  m e a n  level in  th is  o rg a n  w as a t  lea s t tw ice

as  h ig h  in  a n im a ls  fed th e  o c h ra to x in -c o n ta m in a te d  
d ie t th a n  in  th o se  e x p o se d  to  z e a ra le n o n e . I n te r 
a c tio n s  b e tw e e n  th e  c o m m o n  m y c o to x in s  p a r tic u la r ly  
a t  low  d ie ta ry  c o n c e n tra t io n s  w o u ld  a p p e a r  to  
d e se rv e  fu r th e r  a tte n tio n .

A c k n o w le d g e m e n t s —The authors are indebted to Mr. L. M. 
Markson for histopathological examination of the bovine 
kidneys, Mr. F. C. Collins. Nutrition Chemist. Reading, 
for the ration formulation, Mrs. Barbara J. Small and Mr.
E. M. Glancy for their help with chemical analyses and 
Mrs. Susan M. MacDonald and Miss Carol Taylor for 
other technical assistance.
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APPLICATION OF THE DIFFUSION THEORY 
TO MIGRATION OF PLASTICS COMPONENTS 

INTO PACKED GOODS: SURVEY OF 
RECENT MIGRATION STUDIES
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( R e c e i v e d  2 9  M a y  1 9 7 8 )

Summary—The transfer of ingredients of packaging materials into foods or a test food depends on 
the diffusion coefficient of the ingredient in the polymer (Da) and the ratio of the concentrations of 
the ingredient in packaging material and food at equilibrium (determined by the Nernst partition 
coefficient). In type 1, the diffusion coefficient D* of the additive A in the polymer P is nearly 0, 
and therefore little migration takes place apart from that resulting directly from a change in the 
interface-concentration of the additive by the contact with food (removing the additive from the surface 
of the packaging material). In type 2, the diffusion coefficient DF is greater than zero and migration 
is measurable under the conditions and during the time of the intended contact (storage and distribution 
time). The diffusion coefficient in the packaging material is independent both of the kind of food 
and of time. In type 3, components of the food F can penetrate into the packaging material, causing 
swelling of the polymer and disturbing its physical structure. The consequence is normally an increase 
in the diffusion coefficient of the additive to DF + F and consequently an increase in the migration 
rate. A system of general diffusion equations has been set up and applied on models to yield special 
mathematical equations, which permit the calculation of migration in the special cases mentioned 
above. The model criteria as well as application of the theory to special polymer/test food systems
are presented.

Introduction

T h e  in te ra c t io n  o f  fo o d  o r  c o sm e tic s  c o m p o n e n ts  
w ith  p la s tic s  p a c k a g in g  m a te ria ls  h a s  b e c o m e  o f  in 
c rea s in g  im p o r ta n c e  b e c a u se  o f  th e  le g is la tio n  o r  
o th e r  c o n tro l  p ro c e d u re s  b e in g  d e v e lo p e d  fo r fo o d  
a n d  c o sm e tic s  p a c k a g in g  in  th e  E E C  (E E C  C o m m is 
sio n , 1978), U S A  (F o o d  a n d  D ru g  A d m in is tra tio n , 
1977), F e d e ra l  R e p u b lic  o f  G e rm a n y  (F ra n c k , 1977) 
a n d  e lsew here . In  o rd e r  to  p ro te c t  th e  c o n su m e r , it 
is n ecessa ry  to  p re d ic t  th e  m ig ra tio n , i.e. b o th  th e  
tra n s fe r  o f  c o m p o n e n ts  o f  th e  p a c k a g in g  m a te r ia l  in to  
th e  fo o d s  o r  c o sm e tic s  a n d  th e  tra n s fe r  o f  c o m p o n e n ts  
o f  th e  p a c k a g e d  m a te r ia l  in to  th e  p la s tic . T h e  la t te r  
tra n s fe r  m a y  re su lt  in  c h an g e s  in  th e  p ro p e r t ie s  o f 
th e  p la s tic s  m a te r ia l.  T h e re  h a v e  b e e n  a n d  th e re  w ill 
b e  a  lo t  o f  in v e s tig a tio n s  o n  th e  m ig ra t io n  o f  th e se  
c o m p o n e n ts ,  a n d  it w o u ld  b e  a d v a n ta g e o u s  if  su c h  
d a ta  c o u ld  b e  u sed  n o t on ly  to  e s ta b lish  th e  b e h a v 
io u r  o f  th e  p a r t ic u la r  sy s tem  u n d e r  c o n s id e ra tio n  b u t  
to  p re d ic t th e  b e h a v io u r  o f  o th e r  sy s tem s as well.

I f  th e  m e c h a n ism  o f  m ig ra t io n  c a n  b e  u n d e rs to o d  
w ell e n o u g h  fo r  m a th e m a tic a lly  e x ac t d e sc rip tio n s  to  
b e  po ss ib le , a  few  c o n s ta n ts  lik e  th e  d iffu s io n  coeffi
c ie n t a n d  th e  N e rn s t  p a r t i t io n  coeffic ien t c a n  b e  u sed  
to  fa c ili ta te  th e  d e s c r ip tio n  o f  m ig ra t io n  b e h a v io u r  
o f  a d d itiv e s  irre sp e c tiv e  o f  th e  t im e  o f  c o n ta c t ,  th e  
th ic k n e ss  o f  th e  sa m p le s  o r  th e  c o n c e n tra t io n s  u sed . 
I t  will p ro b a b ly  b e  p o ss ib le , as s o o n  as su ffic ien t d a ta  
a re  a v a ilab le , to  e s t im a te  th e  m a g n itu d e  o f  th e  in te r 
a c tio n  o f  c o m p o n e n ts  fro m  th e ir  c h em ica l s tru c tu re ,

th u s  o b v ia tin g , in  so m e  cases, th e  n e ed  to  d e te rm in e  
th e  p a r t ic u la r  c o n s ta n ts .  F u r th e r ,  w h e n  th e  tra n s fe r  
m e c h a n ism  h a s  b e e n  ex ac tly  d e fin e d , th e  se t tin g  o f  
leg a l l im its  fo r  th e  c o m p o s it io n  o f  a  p a c k a g in g  m a te r 
ia l (e.g. th e  m a x im u m  p e rm itte d  c o n c e n tra t io n  o f  e ac h  
in g red ien t)  w ill b e  as re lia b le  as th e  lim its  o n  th e  c o n 
c e n tr a t io n  o f  su c h  p a c k a g in g  in g re d ie n ts  in  th e  fo o d  
(levels w h ic h  a re  n o rm a lly  v ery  d ifficu lt to  d e te rm in e ).

Mathematical models

General diffusion model

T h e  b a s is  fo r th e  t ra n s fe r  o f  in g re d ie n ts  fro m  p a c k 
a g in g  m a te r ia ls  in to  fo o d s  o r  te s t  fo o d s  is th e  te n d 
en cy  o f  th e  in g re d ie n ts  to  d iffuse  fro m  a re a s  o f  h ig h  
c o n c e n tra t io n  o r , m o re  c o rre c tly , o f  h ig h  c h em ica l 
p o te n t ia l  in to  a re a s  o f  lo w  c h e m ic a l p o te n tia l .  T h is  
d iffu s io n  c a n  o n ly  ta k e  p lac e  if  th e  in g re d ie n t is suffi
c ie n tly  m o b ile , a n d  fo r  th is  m o b il i ty  th e  d iffu sio n  
coeffic ien t D F is c h a ra c te ris tic .  T h e  d iffu s io n  p ro c ee d s  
m o re  o r  less q u ic k ly  u n til  a n  o v e ra ll  c o n s ta n t  c h e m i
ca l p o te n tia l  is re a c h e d , th e  re su ltin g  r a t io  o f  c o n c e n 
t ra t io n s  in  th e  m a te r ia l  a n d  th e  fo o d  b e in g  d e te r 
m in e d  b y  th e  N e rn s t  p a r t i t io n  coeffic ien t.

A c c o rd in g  to  e x p e rien c e  w ith  a c tu a l  fo o d -p la s tic s  
m a te r ia l  sy s tem s, th re e  d iffe re n t ty p es  o f  sy s te m  c a n  
b e  d e fin ed . T h ese  a re  s im ila r  to  th e  ty p es  d isc u sse d  
by  K n ib b e  (1971) a n d  by  K a ta n  a n d  h is c o lle ag u e  
(B ris to n  &  K a ta n ,  1974; K a ta n ,  1971).
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I n  ty p e  1, th e  d iffu s io n  coeffic ien t D F o f  th e  a d d i 
tiv e  A in  th e  p o ly m e r  P  is n e a rly  0, a n d  th e re fo re  
h a rd ly  an y  m ig ra t io n  ta k e s  p lac e  e x cep t by  a  c h an g e  
in  th e  in te rfa c e  c o n c e n tra t io n  o f  th e  a d d itiv e  o n  c o n 
ta c t  w ith  ro o d  (rem o v in g  th e  a d d itiv e  fro m  th e  su rfa ce  
o f  th e  p a c k a g in g  m a te ria l) .

In  ty p e  2, th e  d iffu s io n  coeffic ien t D F is d efin ite ly  
g re a te r  th a n  z e ro  a n d  is su c h  th a t  th e  m ig ra t io n  is 
m e a su ra b le  u n d e r  th e  c o n d it io n s  a n d  d u r in g  th e  tim e  
o f  th e  in te n d e d  c o n ta c t  (s to ra g e  a n d  d is tr ib u tio n ) .  D F 
in  th e  p a c k a g in g  m a te r ia l  is in d e p e n d e n t b o th  o f  th e  
k in d  o f  fc o d  a n d  o f  tim e .

I n  ty p e  3, c o m p o n e n ts  o f  th e  fo o d  o r  te s t fo o d  (F) 
c a n  p e n e tra te  in to  a n d  in te ra c t  w ith  th e  p a c k a g in g  
m a te ria l,  c a u s in g  sw ellin g  o f  th e  p o ly m e r  a n d  d is tu rb 
in g  its  p h y s ic a l s tru c tu re .  T h e  c o n se q u e n c e  is n o r 
m a lly  a  la rg e r  d iffu s io n  coeffic ien t D * +F fo r  a  p a r t ic u 
la r  a d d it iv e  in  th e  sw o lle n  la y e r  a n d  th e re fo re  th e  
m ig ra t io n  ra te  is in c re ased .

T y p e  3 c o n ta in s  tw o  su b -g ro u p s  in  w h ich  th e  in te r 
a c t io n  b e tw ee n  th e  p o ly m e r  a n d  fo o d  in c re ases  D F 
e ith e r  fro m  a p p ro x im a te ly  0 in  th e  u n sw o lle n  p o ly m e r  
to  D f + f >  0 in  th e  sw o lle n  lay e r  (su b -g ro u p  a) o r  
fro m  >  0  in  th e  u n sw o lle n  p o ly m e r  to  D ^ +F >  D F 
in  th e  sw o lle n  lay e r (su b -g ro u p  b). In  s u b -g ro u p  a 
o f  ty p e  3, th e  d iffu s io n  coeffic ien t D F in  th e  u n sw o lle n  
p o ly m e r  is n e a rly  zero , as in  ty p e  1, b u t  it is in c re ased  
by th e  sw ellin g  o f  th e  p o ly m e r  a t  lea s t to  th e  ty p e  
2 level so  th a t  th e  d iffu s io n  b e co m es  m e a su ra b le . In  
su b -g ro u p  b o f  ty p e  3, th e  d iffu s io n  coeffic ien t D F 
is m a rk e d ly  g re a te r  th a n  z e ro  a n d  is fu r th e r  in c re ased  
by  sw elling .

F . B. R u d o lp h  (u n p u b lish e d  w o rk , 1978) h a s  d e v e l
o p e d  a  th e o ry  th a t  ta k e s  in to  c o n s id e ra tio n  th e  s im u l
ta n e o u s  d iffu s io n  o f  th e  a d d it iv e  a n d  th e  te s t fo o d  
as w ell as :he  p a r t i t io n  o f  th e  a d d it iv e  in  th e  d ifferen t 
p h a se s . T c  a p p ly  th e se  g e n e ra l e q u a tio n s  to  sp ec ia l 
sy s tem s, w h ic h  h av e  b e e n  in v es tig a te d  e x p e rim e n ta lly  
by v o m  B ru ck , E ck e rt &  R u d o lp h  (1976), F ig g e  (1972) 
a n d  F ig g e  &  K o c h  (1973), a  m o d e l h a d  to  b e  set 
u p  in  o rd e r  to  d e te rm in e  b o u n d a ry  c o n d it io n s  fo r 
w h ich  th e  m a th e m a tic a l  e q u a tio n s  h a v e  b e e n  so lved . 
W ith  th is , th e  th e o ry  h as b e e n  p ro v e d  u s in g  e x p e r i
m e n ta l d a ta  a n d  th e  c a lc u la te d  d iffu s io n  p a ra m e te rs .

T h e  m o d e l, sc h e m a tic a lly  re p re se n te d  in  F ig . 1, is

Fig. 1. Schematic representation of the distributions of the 
concentration Cf of food F and of the concentrations CF. 
CF+F. Ca of the additive in the different phases.

c o m p o se d  o f  th re e  p h a se s : th e  u n sw o lle n  p o ly m e r  P 
w ith  a n  in itia lly  h o m o g e n o u s  c o n c e n tra t io n  o f  a d d i 
tiv e  A, th e  fo o d  F , w h ic h  is in itia lly  free fro m  a d d itiv e , 
an d  th e  sw o lle n  p o ly m e r  lay e r  P  +  F , th e  th ic k n e ss  
o f  w h ic h  is in itia lly  z e ro  a n d  in cre ases  w ith  tim e . T h e  
p o ly m e r  a n d  th e  fo o d  a re  o f  in fin ite  th ic k n e ss . T h e  
d iffu s io n  co effic ien ts  o f  th e  fo o d  o r  fo o d  c o m p o n e n ts  
in  th e  p o ly m e r  (D F) a n d  o f  th e  a d d itiv e  in  th e  o r ig in a l 
p o ly m e r  (D F) a n d  in  th e  o r ig in a l fo o d  (D a) a re  
a s su m e d  to  b e  in d e p e n d e n t o f  th e  c o n c e n tra t io n s . 
T h e se  a p p ro x im a t io n s  a re  p o ss ib le  b e c a u se  th e  c o n 
c e n tra t io n  o f  a d d it iv e  is very  lo w  a n d  th e  p a c k a g in g  
m a te ria l  m a y  n o t  b e  p e n e tra te d  to ta l ly  b y  th e  fo o d . 
T h e  d iffu s io n  co effic ien t o f  th e  a d d itiv e  in  th e  sw o llen  
p o ly m e r  (D F+F), h o w ev er, m a y  b e  a n  a rb i t r a ry  fu n c 
tio n  o f  th e  c o n c e n tra t io n  o f  th e  fo o d  in  th e  p o ly m e r , 
a n d  th e re  m a y  b e  d isc o n tin u itie s  in  th e  c o n c e n tra t io n  
.of th e  m ig ra tin g  a d d itiv e  a n d  th e  m ig ra tin g  fo o d  a t  
th e  in te rfaces  o f  th e  p h a se s  b e c a u se  in  th e  e q u il ib r iu m  
th e  c h em ica l p o te n t ia ls  a re  id en tica l in  th e  d iffe ren t 
p h a se s  (N ern st).

T h ese  a s su m p tio n s  le a d  to  th e  fo llo w in g  m a th e 
m a tic a l s o lu tio n  o f  th e  d iffu s io n  e q u a t io n s  (F . B. 
R u d o lp h , u n p u b lis h e d  w o rk , 1978):
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M F(t) =  a m o u n t  o f  a d d it iv e  in  food ,
C F =  in itia l c o n c e n tra t io n  o f  a d d it iv e  in  p o ly m e r, 
D F =  d iffu sio n  co effic ien t o f  a d d it iv e  in  fo od .

D f + f =  d iffu sio n  co effic ien t o f  a d d itiv e  in  sw o llen  
p o ly m e r  layer,

=  v e lo c ity  o f  p ro p a g a t io n  o f  in te rfa c e  b e tw ee n  
v  1 sw o llen  p o ly m e r  a n d  o r ig in a l p o ly m e r.

D F =  d iffu sio n  co effic ien t o f  a d d it iv e  in  p o ly m e r, K ,  a n d  K 2 a re  p a r t i t io n  co effic ien ts  a t  th e  in te rfa c e s .
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Fig. 2. Schematic representation of the distribution of an additive in the polymer-food systems under 
consideration.

Special model for volatile additives
F o r  v o la tile  a d d itiv e s  lik e  v iny l c h lo r id e  in  a  sy s tem  

o f  th re e  p h a se s , we u se  a  so lu t io n  o f  th e  se c o n d  F ic k  
e q u a tio n . F o r  su c h  a d d itiv e s  it is im p o r ta n t  to  ta k e  
lay e rs  o f  fo o d  a n d  p o ly m e rs  o f  fin ite  th ic k n e ss  in to  
c o n s id e ra tio n . T h e  p o ly m e r  is in te rfac e d  b y  a ir  an d  
by th e  fo o d . T h e  fo o d  is in te rfa c e d  by th e  p o ly m e r  
a n d  b y  a n  im p e rm e a b le  ‘w a ll’ (F ig . 2a,b) o r  in  a  sy m 

m e tr ic a l  f o o d -p o ly m e r - a i r  sy s tem  (F ig . 2c) by 
p o ly m e r  lay e rs  o n  b o th  sides. T h e  sy s tem s re p re se n te d  
in  F ig s 2 a  a n d  2b  d iffer o n ly  in  re sp ec t o f  a  c o n c e n 
t r a t io n  d isc o n tin u ity  a t th e  in te rfac e  o f  p o ly m e r  an d  
fo o d . T h e  d iffu s io n  coeffic ien ts o f  a d d itiv e  in  fo o d  an d  
in  p o ly m e r  a re  a ssu m e d  to  b e  c o n s ta n t .

T h e  so lu tio n s  o f  th e  m o d e l e q u a t io n s  fo r v o la tile  
a d d it iv e s  a re :
(i) w h e n  th e  fo o d  is s t ir re d  ( D ^ —> x ;  F ig . 3, cu rv e  a)

M j( t )  =  2C £ X
[ 1 -  co s[/f„  • (1F -  lp)] 1

n=o A4« ! If s in [ /t„ ( lF — lp)] +  p nlp(lp — lp )c o s [ /tn(lp — lP)] i

w h e re  th e  pn v a lu e s  a re  th e  ro o ts  o f  th e  t r a n s c e n d e n ta l  e q u a t io n

Igü/C ÎV  — lp)] =  ]-------
lp ' / '„

a n d  1F a n d  1P a re  th e  th ic k n e ss  o f  th e  fo o d  a n d  th e  p o ly m e r  lay e r.
(ii) w h e re  th e  d iffu s io n  co effic ien ts  o f  th e  a d d it iv e  in  th e  fo o d  a n d  in  th e  p o ly m e r  a re  e q u a l (D 1]  =  D *  =  D ; 
F ig . 3, c u rv e  b)
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F o r  v o la tile  a d d itiv e s  lik e  th e  m o n o m e rs , a n  even  
d is tr ib u tio n  in  th e  p o ly m e r  c a n  o n ly  b e  e x p ec te d  im 
m ed ia te ly  a f te r  th e  p ro c e ss in g  o f  th e  p a c k a g e  (vom  
B ru ck  etal. 1976); a f te r  so m e  s to ra g e  th e  v iny l c h lo r id e  
d is tr ib u tio n  w ith in  th e  P V C  w ill d e p e n d  o n  th e  te m 

p e ra tu re  a n d  tim e  o f  s to ra g e  in  a ir . W e  h av e  c a lc u 
la te d  a  c u rv e  (F ig . 3, c u rv e  c) fo r a  P V C , b o th  sides 
o f  w h ic h  w ere  in  c o n ta c t  w ith  a ir  b e fo re  th e  c o n ta c t  
w ith  fo o d . T h e  m e a su re d  v a lu e s  fit th is  th e o re tic a l  
c u rv e  c well.
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Fig. 3. Amount of vinyl chloride [MFv(t)] in HB 307 as a function of time (at 20 C and with one-sided 
contact between the PVC and HB 307).

Diffusion with simultaneous sorption

In  a d d :t io n , w e c a n  c o n s id e r  a  sy s tem  w h e re  th e  
a d d itiv e s  u n d e r  c o n s id e ra tio n  a re  n o t a ll free  b u t a re  
b o u n d  in  p a r t  to  h ig h e r e n erg y  s ites  in  th e  p o ly m e r. 
In  th is  case, th e  c o n c e n tra t io n  o f  th e  free m o lecu le s  
o f  th e  a d d it iv e  c a n  b e  c a lc u la te d  fro m  th e  a n a ly tic a l 
o r  to ta l  c o n c e n tr a t io n  d e p e n d in g  o n  th e  ty p e  o f  p o ly 
m e r - a d d it iv e  in te ra c tio n . T h e  d e s o rp t io n  k in e tic s  can  
b e  d e sc rib e d  by  a  th e rm o d y n a m ic  o r  a  s ta tis tic a l 
m e th o d , su c h  a s  th e  L a n g m u ir  s o rp t io n  m e c h a n ism  
(B erens, 1975; G ilb e r t, 1977).

Comparison of theoretical curves and experimental 
data

I t  is o f  in te re s t  to  c o n s id e r  so m e  a c tu a l  sy s tem s 
in  r e la t io n  to  th e se  v a r io u s  m o d e ls . F ig u re  4  (cu rv e  
a) sh o w s th e  b e h a v io u r  o f  a  sy s te m  c o m p ris in g  a  t in  
s ta b iliz e r  in  P V C  in  c o n ta c t  w ith  su n flo w e r o il. T h e  
e x p e r im e n ta l m ig ra t io n  d a ta  a re  ta k e n  fro m  th e  l i te ra 
tu re  (F igge , 1972; F ig g e  &  K o c h , 1973). T h is  sy s tem  
re p re se n ts  ty p e  1 o f  th e  g e n e ra l d iffu s io n  m o d e l. By

Fig. 4. Diffusion of the organotin stabilizer Advastab 17 
MOK from PVC into (a) sunflowerseed oil and (b) 
tricaprylin.

th e  c o n ta c t  w ith  su n flo w e r o il th e  in te rfac ia l te n s io n  
o f  th e  p o ly m e r  m ay  b e  c h an g e d , a n d  th e re fo re  th e  
in te rfac e  c o n c e n tra t io n  o f  th e  t in  s ta b iliz e r  will 
c h an g e . T h e  su rp lu s  will d iffuse in to  th e  o il, b u t  o n ly  
fro m  th e  su rfa c e  a n d  n o t fro m  w ith in  th e  P V C .

A lso  in  F ig . 4, th e  m ig ra tio n  o f  th e  t in  s ta b iliz e r  
in to  tr ic a p ry lin  has b e en  p lo tte d  (cu rv e  b). In  th is  
sy s tem  a  d e fin ite  sw ellin g  o f  th e  P V C  m u s t be  
e x p ec te d  ev en  a t 20CC ; a t  65 C  th e  P V C  is s low ly  
d isso lv e d . T h is  case  re p re se n ts  a n  e x a m p le  o f  th e  ty p e  
3a sy s tem  o f  th e  g e n e ra l d iffu s io n  m o d e l a s  th e  t in  
s ta b il iz e r  d o e s  n o t m ig ra te  o u t  o f  th e  u n d is tu rb e d  
P V C  b u t  m ig ra te s  in  m e a su ra b le  a m o u n ts  o u t  o f  th e  
sw o lle n  P V C . T h e  e x p e r im e n ta l d a ta  (F igge , 1972; 
F ig g e  &  K o c h , 1973) fit th e  c u rv e  q u ite  w ell a t  th e  
la te r  s ta g e , w h e rea s  a t rh e  b e g in n in g  th e  m ig ra t io n  
ra te  is h ig h e r th a n  th e  c a lc u la te d  o n e , a  s i tu a t io n  th a t  
m ay  b e  d u e  to  a n  in te rfac ia l effect s im ila r  to  th a t  
d isc u sse d  fo r c u rv e  4a.

F ig g e , B ieber &  R u d o lp h  (1979) h a v e  a sse m b le d  
so m e  d a ta  ( t ig .  5) o n  a  p h e n o lic  a n tio x id a n t in  p o ly 
p ro p y le n e , a  sy s tem  o f  ty p e  3b, a n d  th e re  is a n  ex ce l
len t fit b e tw e e n  o u r  c a lc u la te d  v a lu e s  a n d  th e  m ig ra 
t io n  v a lu e s  d e te rm in e d  e x p e rim e n ta lly . T h e  d iffe ren ce  
b e tw e e n  th e  m ig ra t io n  in to  a q u e o u s  ace tic  ac id , w h ich  
d o e s  n o t  sw ell th e  p o ly p ro p y le n e , a n d  th a t  in to  te s t 
fat H B  307 (F igge , E d e r  &  P ia te r ,  1972), w h ic h  d o e s  
sw ell th is  p o ly m e r, is o b v io u s .

A n e x a m p le  (v o m  B ru c k  et al. 1976) fo r ty p e  2, 
a  re a d ily  m e a su ra b le  d iffu s io n  n o t  d is tu rb e d  by  th e  
sw ellin g  o f  th e  p o ly m e r  by th e  fo o d  c o m p o n e n ts ,  is 
th e  m ig ra t io n  o f  v iny l c h lo r id e  o u t  o f  P V C  in to  th e  
te s t fa t H B  307. T h e  e x p e r im e n ta l p o in ts  (F ig . 3) fit 
well w ith  th e  c a lc u la te d  cu rv e , w h ic h  ta k e s  in to  
a c c o u n t,  a s  a lre a d y  m e n tio n e d , th a t  w e h a d  a  v iny l 
c h lo r id e  d is t r ib u t io n  in  th e  P V C  c o n ta in e r s  b e fo re  th e  
c o n ta c t  w ith  H B  307, as th e se  h a d  b e e n  s to re d  for 
so m e  tim e  in  th e  o p e n  a ir  b e fo re  filling.

A fu r th e r  e x a m p le  fo r ty p e  3b  is th e  sy s te m  a c ry lo 
n itr ile  in  A B S  (F ig . 6), in w h ich  th e re  is a  de fin ite  
in c re ase  in  th e  m ig ra tio n  o f  a c ry lo n itr i le  in to  w a te r 
c o m p a re d  w ith  m ig ra tio n  in to  te s t fa t H B  307. H e re  
a g a in , th e  th e o re tic a l  c u rv es  fit th e  e x p e r im e n ta l d a ta  
w ell. T h is  la s t e x a m p le  sh o w s th a t  it is a lw ay s  a  p r o o f  
o f  a n  in te ra c t io n  (i.e. a  sw ellin g  o f  th e  p o ly m e r  by
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Fig. 5. Time dependence of the migration of antioxidant from polypropylene into two different food
simulants, (a) 3% (w/w) acetic acid and (b) test fat HB 307: • ,  experimental values; ----- , model
curve.

a t least o n e  fo o d  c o m p o n e n t)  if, u n d e r  id en tica l 
m ig ra tio n  c o n d it io n s  w ith  a  d iffe ren t fo od , m u c h  
h ig h e r m ig ra t io n  ra te s  a re  fo u n d . I t sh o u ld  b e  e s ta b 
lish ed , h o w e v er, th a t  su c h  a  d iffe ren ce  is n o t d u e  to  
a  g re a t  d iffe ren ce  in  th e  N e rn s t  d is t r ib u t io n  coeffi
c ien t.

Conclusions

T h u s  w e a re  a b le  to  c a lc u la te  th e  d iffu s io n  p a r 
a m e te rs  fro m  e x p e r im e n ta l m ig ra t io n  d a ta .  Vice versa 
we sh a ll b e  a b le  to  c a lc u la te  th e  spec ific  m ig ra tio n  
o f  p a r t ic u la r  a d d itiv e s  in to  fo o d s as s o o n  a s  th e  
a p p ro p r ia te  te s t fo o d  h a s  b e e n  id en tified  a n d  th e  
a b o v e -m e n tio n e d  d iffu s io n  p a ra m e te rs  in  th e  in te n d e d  
p o ly m e r  h a v e  b e e n  d e te rm in e d  a t  th e  te m p e ra tu re  o f  
use. T h e  in flu en ce  o f  te m p e ra tu re  o n  th e  d iffu sio n  
will b e  p re d ic ta b le  in  a re a s  w h e re  th e re  a re  n o  s t ru c 
tu ra l  c h an g e s  in  th e  p o ly m e r , e.g. th o se  d is ta n t  
e n o u g h  fro m  th e  g lass  t r a n s it io n  a rea .

B ecau se  o f  th is  c le a r  re la tio n s h ip , l im its  o n  p a c k a g 
in g  c o m p o n e n ts  c a n  b e  as re lia b le  a s  lim its  o n  levels

A B S  s w e l l i n g

Fig. 6 . Diffusion of acrylonitrile from ABS into (a) water 
and (b) test fat.

o f  fo o d  c o n ta m in a tio n .  T h is  sh o u ld  b e  c o n s id e re d
in  d isc u ss io n s  re la tin g  to  d ra f t  d irec tiv e s  o n  fo o d 
p a c k a g in g  m a te ria ls .
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CANCER, MATHEMATICAL MODELS AND  
AFLATOXIN

F. W . C a r l b o r g

D e p a r tm e n t  o f  S t a t i s t i c s .  U n i v e r s i t y  o f  C h ic a g o .  C h ic a g o .  I L .  U S A

( R e c e i v e d  2 7  J u n e  I9 7 N )

Summary—When cancer is caused in laboratory animals by a socially-valuable chemical or an unavoid
able environmental contaminant, natural or otherwise, the risks to man from exposure to the chemical 
at very much lower doses must be estimated. The choice of a mathematical model is an important 
step in this assessment. In this paper, several available models are evaluated with respect to aflatoxin. 
one of the few agents with usable results both from experiments with animals and from surveys in 
man.

Introduction

A p re ss in g  p ro b le m  fo r  o u r  so c ie ty  is  th e  in te rp re 
ta t io n  o f  re su lts  fro m  life tim e  feed in g  s tu d ie s  th a t  
p ro d u c e  c a n c e r  in  la b o ra to ry  a n im a ls .

In  th is  p a p e r ,  o n e  a sp e c t o f  th e  p ro b le m  is e x p lo re d  
s ta tis tic a lly  in d e ta il  fo r a  p a r t ic u la r  a g en t, a f la to x in . 
T h e  a sp e c t se lec ted  is th e  c h o ic e  o f  a  m a th e m a tic a l  
m o d el (fu n c tio n ) to  be  f itte d  to  th e  o b se rv e d  re su lts  
fro m  th e  a n im a l e x p e r im e n t a n d  used  to  e x tra p o la te  
th ese  re su lts  to  m u c h  lo w er d o se  levels a n d  to  e s ti
m a te  th e  r isk  to  m a n . S e v e ra l m o d e ls  h a v e  been  
p ro p o se d  fo r  th is  step .

S u ch  a  m a th e m a tic a l  m o d e l c o u ld  b e  e v a lu a te d  by  
applyin ig  it to  th e  re su lts  fro m  a n im a l e x p e r im e n ts  
w ith  sev e ra l a g e n ts  a n d  c h e c k in g  th e  p re d ic te d  risk s 
a g a in s t o b se rv e d  h u m a n  r isk s  d e m o n s tra te d  in e p id e 
m io lo g ica l s tu d ie s  o f  th e  sa m e  a g en ts . U n fo r tu n a te ly , 
a p p ro p r ia te  h u m a n  e p id e m io lo g ic a l re su lts  a re  a v a il
a b le  fo r v ery  few a g e n ts , a m o n g s t  w h ich  a f la to x in  is 
th e  m o s t  p ro m is in g .

T o  d is c r im in a te  b e tw ee n  th e  m o d e ls  it is v a lu a b le  
to  use  a n  a n im a l e x p e r im e n t w ith  sev e ra l d o se  levels 
sh o w in g  a  c le a r  d o s e - re s p o n s e  re la tio n sh ip . O n e  such  
e x p e r im m e n t u s in g  five d o se s  o f  a f la to x in  (b u t o n ly  
m ale  ra ts )  h a s  re ce n tly  a p p e a re d , a n d  is th e  m a in  
s tu d y  in c lu d e d  be low . F o u r  o th e r  e x p e r im e n ts  in  m ale  
r a ts  w ith  few er d o se  levels a re  c o n s id e re d .

Epidemiological studies

E p id e m io lo g ic a l s tu d ie s  o f  liver c a n c e r  a n d  a fla 
to x in  in g e s tio n  in  m a n  h a v e  b e e n  c o n d u c te d  in  A sia  
a n d  A frica. A lth o u g h  th e re  w ere  v a r ia t io n s  a m o n g  th e  
s tu d y  d e s ig n s , a  g e n e ra l  p a t te rn  d o e s  em erg e . A re g io n  
w ith  a  h ig h  in c id e n ce  o f  d e a th s  fro m  liv er c a n c e r  w as 
c h o se n  fo r s tu d y , a n d  o th e r  re g io n s  o f  th e  sa m e  
c o u n try  w ere  u su a lly  in c lu d e d  fo r c o m p a r is o n . T h e  
in v e s tig a to rs  c o n fin e d  th e ir  s tu d ie s  to  ru r a l  a re a s  
b e liev in g  th a t  th ese  re g io n s  h a v e  b e e n  s ta b le  fo r  m a n y  
y e a rs  w ith  re sp e c t to  th e  c o m p o s it io n  o f  th e  p o p u la 
tio n  a n d  o f  th e  d ie t.

I t  w as n e ce ssa ry  to  e s t im a te  th e  in c id e n c e  o f  liver 
c an c e r  a m o n g  th e  p o p u la t io n  by  c o n f irm in g  th e  
cau ses o f  in d iv id u a l d e a th s  a s  fa r a s  p o ss ib le  a n d  to

e s tim a te  a f la to x in  in g e s tio n  a m o n g  th e  p o p u la tio n . A 
care fu lly  d e s ig n ed  p la n  w as fo llo w ed  to  sa m p le  th e  
m ea ls  c o n su m e d  by  th e  re s id en ts . In  ev ery  s tu d y , th e  
in v e s tig a to rs  c o n c lu d e d  th a t  th e re  w as a  p o sitiv e  
c o r re la t io n  b e tw ee n  th e  in c id e n ce  o f  liv e r c a n c e r  
a n d  th e  level o f  in g e s tio n  o f  a f la to x in . T h ey  w ere  
re lu c ta n t  to  d e c la re  a  c a u se -a n d -e flec t re la tio n  
b e ca u se  o f  th e  p o ss ib ility  o f  so m e  u n k n o w n  fa c to r  
c o r re la te d  w ith  a f la to x in  in g e s tio n  (such  a s  m a ln u tr i 
tion ). T h e y  a lso  p o in te d  o u t  th a t  th e  fo o d s  c o n ta in in g  
a f la to x in  a re  e x tre m e ly  im p o r ta n t  to  th e  p o p u la tio n s  
a t  risk .

T a b le  1 g ives th e  r e p o r te d  d a ta  a n d  th e  re su lts  o f 
so m e  c a lc u la tio n s . C o n s id e r in g  th e  S o n g k h la  re g io n  
in  T h a ila n d , th e  e s t im a te d  to ta l  m a le  p o p u la t io n  is 
48,934, a n d  th e  m a le  life e x p ec ta n c y  fro m  b ir th  is 
54  y r  (U n ite d  N a tio n s . 1975). D e a th s  fro m  liver c an c er 
w ere  m o n ito re d  fo r a  y ear, a n d  tw o  w ere  o b se rv ed . 
T h e  c o rre sp o n d in g  y e a rly  d e a th  r isk  is 4 1  x  1 0 -5 
( =  2 /48 ,934) a n d  th e  c o r re s p o n d in g  life tim e  r isk  is 221 
x  1 0" 5 ( = 4 1  x  1 0 -5  x  54). T h e  su rv e y  o f  d ie ts  

la s te d  o n e  y ear, a n d  th e  to ta l  a f la to x in  (all ty p es , b u t 
m o s tly  B j)  w as m e a su re d . A to ta l  o f  922 m ea ls  w ere  
a n a ly se d  in  th e  1 -y r d ie t su rv e y  y ie ld in g  a  m ea n  
a f la to x in  d o se  o f  6-5 n g /k g  b o d y  w e ig h t/d a y .

T h e  m e a n  a f la to x in  d o se  re p o r te d  in  T a b le  1 
re q u ire s  so m e  c o m m e n t. In  a ll re g io n s , th e  g rea t 
m a jo r i ty  o f  m ea ls  h a d  n o  m e a su ra b le  a fla to x in  
c o n te n t .  M e a ls  w ith  p o s itiv e  c o n te n ts  sh o w e d  h u g e  
d a ily  a n d  a n n u a l v a r ia t io n s  a s  w ell a s  b ig  d ifferen ces 
fro m  p e rso n - to -p e rso n  w ith in  th e  reg io n . By c o n tra s t ,  
a n im a l s tu d ie s  in  la b o ra to r ie s  h a v e  e sse n tia lly  c o n 
s ta n t  d a ily  in g e s tio n s  o v e r th e  life tim es o f  th e  an im a ls . 
F ig . 1 sh o w s th e  d o s e - re s p o n s e  re la tio n  b e tw een  
a f la to x in  d o se  a n d  life tim e  r isk  o f  d e a th  fro m  liver 
c a n c e r  in  m a n  u s in g  th e  d a ta  fo r th e  firs t n in e  re g io n s  
in  T a b le  1. F o r  e a c h  p o in t, th e re  a re  c o n s id e ra b le  
u n c e r ta in tie s  a b o u t  b o th  th e  d o se  a n d  th e  d e a th  ra te . 
T h e  99 %  c o n fid e n ce  in te rv a ls  (P o is so n  a p p ro x im a 
tio n )  fo r  th e  d e a th  ra te s  a re  in d ic a te d .

I t  is  im p o r ta n t  to  e s t im a te  th e  b a c k g ro u n d  liver- 
c a n c e r  r isk  c o r re s p o n d in g  to  n o  in g es tio n  o f  a f la to x in  
in a  re g io n . A s t r a ig h t  line  c an  b e  fitted  to  th e  d a ta  
in  F ig . 1, a n d  th e  in te rc e p t  o f  th is  s tra ig h t  lin e  th e n  
re p re se n ts  th e  b a c k g ro u n d  ra te . T h e  d ie ta ry  in ta k e
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Fig. 1. The dose-response  re la tionsh ip  betw een aflatoxin in take and  lifetime risk o f liver cancer in 
m an, from  epidem iological data.

(horizontal axis) was assumed to have been measured 
without error. An iterated, weighted least-squares 
procedure was used to account for the error in the 
observed cancer risks (vertical axis). Statistically, the 
fit is very good in that the residuals shown in Fig. 1 
are easily explained by chance. The estimated func
tion is: lifetime risk = x + /? dose (in ng/kg body 
weight/day), where x is estimated as 0-00121 with a 
standard error of 000039. and /? is estimated as 
0000096 with a standard error of 0000022. and x 
is the background risk.

It is now necessary to assume a cause-effect rela
tionship between aflatoxin ingestion and human liver 
cancer. The difference between the observed life-time 
risk in a region and the background lifetime risk just 
estimated (000121) is then the observed lifetime risk 
caused by the ingestion of aflatoxin in that region 
(See Table 1).

The results for the Inhambane region of Mozam
bique were not used in the above analysis. The inges
tion in Inhambane (222-4) is much higher than in any 
other region, and it was feared that this extreme data 
point would have a disproportionate effect on the 
estimated background risk. In fact, the data from 
Inhambane are generally incomplete and were not 
used in what follows.

There are a number of problems involved in apply
ing this regression model to man:

Estimated lifetime risk from aflatoxin = 0000096
x (mean intake in ng/kg/day).

For example, assume a region (society) with a mean 
dose of 1 ng/kg/day. This corresponds to an estimated 
aflatoxin lifetime risk of 0-000096 (9-6 x 10~5) for 
that region as a whole, but this risk does not necess
arily apply to any individual. It is also conceivable

*b = 109

that there is a threshold above 1 ng/kg for male 
humans and that individuals ingesting aflatoxin at 
this level experience zero aflatoxin risk. This difficulty 
arises here because all the humans in a region did 
not ingest aflatoxin at the average rate. Nevertheless 
the means for each study result in a straight line 
(Fig. 1).

Experimental studies in the rat
The experimental results from five lifetime (24 

months) feeding studies with male rats are given in 
Table 2. The endpoint is liver cancer (not including 
precancerous lesions). Study I is of primary interest 
here. Fischer rats were fed crystalline aflatoxin Bt at 
dose levels of 0, 1, 5, 15, 50 and 100 ppb*.

Study II also used Fischer rats and the result is 
consistent with the results from study I. Studies III, 
IV and V used other strains, which seem to be less 
sensitive to aflatoxin, but the results illustrate some 
of the usual problems in low-risk extrapolation. Study 
III has two doses, but one with a completely negative 
response while study IV with two doses, has one com
pletely positive response. Study V has completely 
negative results; taken alone it shows no evidence of 
the carcinogenicity of aflatoxin.

Mathematical models
Each of four models was fitted to the animal results 

in Table 2 (especially study I) and the resulting calcu
lated risks for man ingesting low levels of aflatoxin 
(column 10 of Table 1) were compared with the ob
served aflatoxin risks in man (column 11 of Table 1). 
The four models are the probit, logit, one-hit and 
improved Mantel-Bryan procedure (Mantel, Bohidar, 
Brown, Ciminera & Tukey, 1975; Mantel-Bryan, 
1961). The mathematical forms of the first three
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m o d e ls  a re  a s  fo llow s:

(i) Probit model. P  =  F (Y ) w h e re  F  is th e  u n it 
n o rm a l  d is tr ib u tio n  fu n c tio n  a n d  E (Y ) =  a  +  /J 
lo g 10x -  5

(ii) Logit model. P =  1/(1 +  e - ')  w h e re  E (Y ) =  
2 + 01ogiOx
(iii) One-hit model. P  =  1 — e “ ,f'

In  e a c h  m o d e l, P  is th e  p ro b a b il i ty  o f  a n  a n im a l’s 
d e v e lo p in g  liver c a n c e r  w h e n  fed a t  th e  d o se  level 
o f  x, Y is th e  p ro b i t  o r  log it, re sp ec tiv e ly  a n d  a  a n d  
fi a re  p a ra m e te rs  to  b e  e s t im a te d  fro m  th e  d a ta .

(iv) Mantel-Bryan model. T h is  is e sse n tia lly  a  p ro b it  
m o d e l w ith  th e  s lo p e  (/?) a rb it r a r i ly  se t a t  a  ‘c o n se r 
v a tiv e ’ level o f  10 a n d  th e  in te rc e p t  (a) e s tim a te d  
fro m  th e  d a ta .

F o r  th e  p ro  ait, lo g it o r  o n e -h it  m o d e l, tw o  e s tim a te s  
o f risk  a re  c o n s id e re d  h e re :  a  b e s t e s t im a te  in th e  
s ta tis t ic a l  sense, a n d  a n  u p p e r  99 %  co n fid e n ce  lim it. 
In  its  in te n d e d  use, th e  M a n te l-B ry a n  m o d e l p ro v id e s  
o n ly  a n  u p p e r  co n fid e n ce  lim it to  th e  r isk  a t  low  
doses.

O th e r  m o d e ls  a re  fre q u e n tly  d iscu ssed . T w o  o f 
th em  m ay  b e  th o u g h t  o f  a s  g e n e ra liz a tio n s  o f  th e  o n e- 
h it m o d e l to  be  a p p lie d  w h e n  th a t  m o d e l d o e s  n o t  
fit th e  d a ta .  T h e  firs t is th e  k -h it  m o d el. M a th e m a ti
ca lly . it is a  g a m m a -d is tr ib u tio n  fu n c tio n  w ith  a  
se c o n d  p a ra m e te r  k. W h e n  k  =  1, it re d u c e s  to  th e  
o n e -h it  m o d el. T h e  se c o n d  (H a r tle y  &  S ie lken , 1977) 
g e n e ra liz es  th e  o n e -h it  m o d e l in  a n o th e r  d ire c tio n :

p  _  1 _  £-/<!' -  /<2'2 -  . . .  -

w h e re  m  is d e te rm in e d  fro m  th e  d a ta .  I t to o  re d u c e s  
to  th e  o n e -h it  m o d e l w h en  m  =  1. N e ith e r  o f  th ese  
m o d e ls  w ill be  a p p lie d  to  th e  d a ta  in  T a b le  1, m a in ly  
b e ca u se  th e  o n e -h it  m o d e l d o e s  fit th e  re su lts  fro m  
s tu d y  I.

A n o th e r  m o d e l re ce n tly  su g g e s te d  (C o rn fie ld , 1977) 
a tte m p ts  to  fo llow  a b io lo g ic a l th e o ry  o f  c a rc in o 
genesis  r a th e r  th a n  a  fo rm a l m a th e m a tic a l  c o u rse . 
S ince  th e  s ta tis t ic a l  p ro c e d u re s  re q u ire d  to  fit th is  
m o d e l to  d a ta  a re  n o t  a t  p re se n t  a v a ilab le , it  will 
n o t  b e  used  nere.

S till o th e r  m o d els  u se  th e  t im e - to - tu m o u r  a p p ro a c h  
(H a rtle y  &  S ie lken , 1977; H o e l, G a y lo r ,  K irsc h s te in , 
S affio ti &  S c h n e id e rm a n , 1975). T h e ir  a d v a n ta g e  is 
th a t  th ey  e s t im a te  th e  life -sh o r te n in g  effect a s  well 
a s  th e  o v e ra ll  risk . S in ce  th e  n e c e ssa ry  t im e - to - tu m o u r  
in fo rm a tio n  :n th e  r a t  e x p e r im e n ts  is n o t  av a ilab le , 
th ese  m o d e ls  w ill n o t  b e  u se d  here.

C o n s id e r  s tu d y  I in T a b le  2 first. T a b le  3 g ives 
th e  m a x im u m -lik e lih o o d  e s t im a te s  o f  th e  re le v a n t 
p a ra m e te r s  fo r e a c h  o f  th e  fo u r  m o d e ls  o f  in te re s t  
(for th e  d o se  x in  p p b). T a b le  4  g ives th e  c a lc u la te d  
freq u e n c ie s  w h ich  fo llo w  fro m  th e se  e s tim a te s . T h e  
re su lts  a re  ty p ica l. A ll th e  m o d e ls  fit th e  d a ta  a b o u t  
e q u a lly  w ell. T h e re  is  n o  c le a r  b e s t fit. T h e re  a re  suffi
c ie n t d a ta  h e re  to  sh o w  th a t  th e  c a lc u la te d  freq u e n c ie s  
fo r  th e  o n e -h it  m o d e l m a tc h  th e  o b se rv e d  freq u e n c ie s  
w ith in  th e  lim its  o f  s ta tis t ic a l  e r ro r  (P  =  0 1 7 ,  
o b se rv e d  c h i-s q u a re  =  3-48 w ith  2 d.f., 1 a n d  5 p p b  
g ro u p s  p o o le d , 50  a n d  100 p p b  g ro u p s  po o led ). T h e re  
a re  in su ffic ien t d a ta  to  c a r ry  o u t  th is  te s t fo r th e  p ro -

Table  3. P a r a m e te r s  f o r  s tu d y  I  e s t i m a t e d  u s in g  th e  f u r i o u s  

m a th e m a t i c a l  m o d e ls

Parameter

model 0L P

Probit 2-537 1-906
Logit -5 -0 7 5 3-785
O ne-hit — 0 03013
M antel-Bryan (upper 0-99) — 1 -499 —

b it o r  lo g it m o d e ls  (n ecessa ry  p o o lin g  p ro d u c e s  z e ro  
d e g ree s  o f  freedom ).

Extrapolations to human epidemiological observations

W ith  a n y  e s t im a te d  m o d e l in T a b le  3, it is n o w  
p o ss ib le  to  c a lc u la te  th e  risk  (e x tra p o la te d )  a t  a n y  low  
d o se  (in p p b ) fo r  th e  m a le  ra t. T h e  d o se  in  p p b  c an  
th e n  be  c o n v e r te d  to  its  e q u iv a le n t in  n g /k g  b o d y  
w e ig h t/d a y , w h e re  1 p p b  e q u a ls  50 n g /k g /d a y  fo r  th e  
a d u lt  ra t.  A ssu m in g  b o d y -w e ig h t c o n v e rs io n  b e tw een  
th e  r a t  a n d  m an , th is  g ives th e  r is k -d o s e  re la tio n s h ip  
fo r m a n . F ig u re  2 sh o w s th e  p ic tu re  fo r th e  p ro b i t  
(P), lo g it (L) a n d  o n e -h it  (H ) m o d e ls  a p p lie d  to  s tu d y  
I. L o g a r i th m ic  sca les  a re  u sed  on ly  fo r c o n v en ien c e . 
F ig u re  3 w ith  d a sh e d  c u rv es  sh o w s th e  p ic tu re  fo r 
th e  c o r re sp o n d in g  u p p e r  99%  co n fid e n ce  lim its . H ere , 
th e  M a n te l-B ry a n  m o d e l (M ) is in c lu d e d . I t  is p o ss ib le  
to  fit th e  o n e -h it  m o d e l to  e ach  o f  th e  o th e r  fo u r 
s tu d ie s  in T a b le  2. F ig u re  4  sh o w s th e  u p p e r  99%  
c o n fid e n ce -lim it e x tra p o la t io n  fo r e ach  s tu d y  s e p a r 
a te ly . I t  is a ls o  p o ss ib le  to  a p p ly  th e  M a n te l-B ry a n  
m o d e l to  e ac h  o f  th e  o th e r  fo u r s tu d ie s  in T a b le  2. 
F ig u re  5 sh o w s th e  p ic tu re .

F in a lly , e ach  o f  th e  firs t th re e  m o d e ls  (P , L  a n d  
H ) c a n  be  a p p lie d  to  a ll th e  d a ta  in T a b le  2 fo r a ll 
th e  s tu d ies . In  n o  case  is th e  fit s ta tis tic a lly  sa tis fy in g , 
o r  c lo se  to  it, b e ca u se  th e  F isc h e r  s t r a in 'i s  d iffe ren t 
fro m  th e  o th e rs . N e v e rth e le ss , th ese  ‘b e s t’ f itt in g  fu n c 
tio n s  g ive  c rild e  su m m a rie s  o f  a ll th e  s tu d ie s  w ith  
ra ts , a n d  th e ir  g ra p h s  a re  sh o w n  a s  so lid  c u rv e s  in 
F ig . 6. T h e  d a sh e d  c u rv e  is th e  a v e ra g e  o f  th e  five 
c u rv e s  in  F ig . 5.

T h is  is a n  a p p ro p r ia te  p lac e  to  m e n tio n  th re e  o th e r  
a sp e c ts  o f th e  o v e ra ll  p ro b le m , w h ich  a re  n o t  re la te d  
to  th e  c h o ice  o f  a  m o d e l. T h e  first is spec ies  c o n v e r 
sion . O n e  su g g e s te d  a l te rn a tiv e  to  b o d y -w e ig h t c o n 
v e rs io n  is th e  c o n c e n tra t io n  in th e  d ie t. T h e  effect 
o f  th is  w h e n  c o n v e r t in g  fro m  th e  r a t  to  m a n  is to  
ra ise  th e  e x tra p o la te d  r isk  fo r  m a n  by  a  fa c to r  o f  
a b o u t  tw o ;  th a t  is, th e  c u rv es  in  F ig s  2 - 6  w o u ld  b e  
h ig h e r  b y  th is  fa c to r. T h e  se c o n d  a sp e c t  is th e  c h o ic e  
o f  an  e n d -p o in t  fo r th e  a n im a l s tu d ies . O n e  su g g e s te d

Table  4. C a l c u la t e d  f r e q u e n c i e s  o f  l i v e r  c a n c e r  p r e d i c t e d  h y  
t h e  t h r e e  m o d e l s  f r o m  th e  d a t a  o f  s t u d y  I

Dose
(PPb)

No. at 
risk

Observed Probit Logit O ne-h it 
frequency frequency frequency frequency

1 22 2 0-1 0-1 0-6
5 22 1 2-8 1-8 3-1
15 21 . 4 8-7 7-3 7-6
50 25 20 :9-5 ¡9-9 19 5
100 28 28 25-5 25-9 26-6
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Fig. 2. Best estimates of the relationship between aflatoxin dose and lifetime risk of liver cancer in 
rats, estimated from the probit (P), logit (L) and one-hit (H) models, using the data of Wogan e l  
a l. (1974; study I). Observed data for rats (O); observed aflatoxin lifetime risk for man (•); upper 
99% confidence limit for an observed human risk of zero ( i ).

Fig. 3. Upper 99% confidence limits from the probit (P), logit (L), one-hit (H) and Mantel-Bryan 
(M) models for the dose-response relationship between aflatoxin intake and risk of liver cancer in 
the rat using the data of Wogan e t  a l. Observed data for rats (O); observed aflatoxin lifetime risks 
for man (•); upper 99% confidence limit for an observed human risk of zero ( l ).
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Fig. Upper 99% confidence-limits from the one-hit model for the dose-response relationship between 
aflatcxin intake and risk of liver cancer in the rat using the data of each study separately. Observed 
data for rats (O): observed aflatoxin lifetime risks for man (•); upper 99% confidence limit for an 
observed human risk of zero (i): upper 99% confidence limit for an observed risk of zero for a 
group of rats (T).

Fig. 5. Upper 99%, confidence limit extrapolation from the Mantel-Bryan model for the dose-response 
relationship between aflatoxin intake and risk of liver cancer in the rat using the data of each study 
separately. Observed data for rats (O): observed aflatoxin lifetime risk for man (•); upper 99% confi
dence limit for an observed human risk of zero (f). Upper 99% confidence limit for an observed 
risk of zero for a group of rats (T).
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Af l atox i n d o s e , n g / k g  body w e i g h t / d a y
Fig. 6. Best estimates of the dose-response relationship between aflatoxin intake and risk of liver 
cancer in the rat using each of the models for all of the rat data combined: probit (P), logit (L), 
one-hit (H) and Mantel-Bryan (M). Observed data for rats (O); observed aflatoxin lifetime risks for 
man (•): upper 99% confidence limits for an observed human risk of zero (J,); upper 99% confidence 
limit for an observed risk of zero for a group of rats (T).

a lte rn a tiv e  is c a n c e r  o r  a  p re -c a n c e ro u s  les ion . F o r  
th e  o n e -h it  a n d  th e  M a n te l-B ry a n  m o d els , th is  h as 
th e  g e n e ra l effect o f  ra is in g  th e  c u rv e s ; fo r  th e  o th e r  
tw o  m o d e ls  th e  effect is less c lear. T h e  th ird  a sp e c t 
is sp ec ie s  se lec tio n . W ith  a fla to x in , th e re  is a  g re a t 
ra n g e ;  th e  m o u se  d o e s  n o t  seem  to  d e v e lo p  liver 
c a n c e r ;  th e  d u c k lin g  a p p e a rs  to  be  m u c h  m o re  sen si
tive th a n  th e  ra t.

It is p re m a tu re  to  d ra w  c o n c lu s io n s , a n d  n o n e  will 
be  a tte m p te d . T h e  h o p e  is th a t  th e se  d a ta  c an  be  used  
fo r o th e r  m o d e ls  a s  th e y  a re  su g g ested  a n d  th a t  o th e r  
a g e n ts  c a n  b e  s tu d ie d  a lo n g  th ese  lines. O u r  society , 
th ro u g h  its  re g u la to rs ,  m ak e s  f re q u e n t r isk  c a lc u la 
t io n s  o n  th e  b a s is  o f  re su lts  fro m  a n im a l s tu d ies . T h e  
p e rso n  m a k in g  su c h  a  c a lc u la tio n  m u s t m a k e  m an y  
c h o ic es  (m o d el, c o n fid e n ce  levels, spec ies  c o n v e rs io n , 
e n d -p o in t ,  sp ec ie s  se lec tio n  a n d  so  o n ) to  re a c h  h is  
final e s tim a te . T h e  effects o f  a ll th ese  c h o ic es  o n  th e  
final e s t im a te  a re  h u g e  (even la rg e r  th a n  in d ic a te d  
in th e  n ex t sec tion ). O n e  w ay  to  n a r ro w  th e  ra n g e  
is to  s tu d y  a g e n ts  like  a f la to x in  fo r w h ic h  th e re  a re  
b o th  a n im a l a n d  h u m a n  d a ta .  E v en  s tu d ie s  in  m a n  
sh o w in g  n o  effect, fo r e x am p le , m ig h t be  v a lu a b le  to  
re je c t o v e r-c o n se rv a tiv e  p ro c e d u re s  o f r isk  c a lc u la 
tio n .

Virtual Safe Dose
W ith  a n y  o f  th e  m o d e ls  d isc u sse d  h ere , it is im p o s s 

ib le  fo r a n  a n im a l e x p e r im e n t w ith  a n  a g e n t to  p r o 
d u c e  an  e x tra p o la te d  life tim e  r isk  o f  z e ro  a t  an y  d ose ,

h o w e v er sm all. W h a t  is a n  a c c e p ta b le  life tim e  risk? 
O n e  a n sw e r c a n  b e  o b ta in e d  by  a  r isk -b e n e fit  c a lc u la 
tio n . A n o th e r  a n sw e r is th ro u g h  th e  c h o ic e  o f  som e 
a rb it r a ry  sm a ll risk . T h e  F D A  (1977) in  a  s im ila r  s itu 
a tio n  w ith  re s id u es  in m e a t h a s  c h o se n  o n e  in  a  m il
lio n  ( 1 0 '6) as a n  a c c e p ta b le  life tim e risk . F o r  th e  
e n tire  U S  p o p u la tio n , a  1 0 ' 6 life tim e  risk  is  e q u iv a l
e n t  to  a b o u t  th re e  cases  o f  c a n c e r  p e r  y e a r fro m  th e  
ag en t. A c tu a lly , th e  F D A  p ro c e d u re  u ses th e  1 0 _h 
r isk  a s  a n  u p p e r  lim it, r a th e r  th a n  a  b e s t e stim a te .

W ith  e ac h  o f  th e  e s t im a te d  m o d e ls  a b o v e , o n e  can  
c a lc u la te  th e  d a ily  d o se  o f  a f la to x in  fo r  h u m a n  m ales 
c o rre sp o n d in g  to  a n  o v e ra ll 10“6 life tim e risk  o f  
c an c e r , o r  1-5 c a se s /y e a r  a m o n g  U S  m ales. F ig u re s
2-6 a re  o f  n o  use  fo r th is  b e ca u se  1 0 '4 is th e  low est 
p lo tte d  level. T a b le  5 g ives th e  c a lc u la te d  re su lts . 
T h e re  is a  g re a t ra n g e  in  th e  c o n c e n tra t io n  in  so lid  
fo o d  (0-029 x  10 ' 3 to  O i l  p p b )  e x p e c te d  to  p ro d u c e  
a  1 in  106 r isk  o f  liv e r can cer.

A fla to x in  in g e s tio n  in th e  U S  c o m e s  m a in ly  from  
p e a n u ts  (S to loff, 1976). T h e  c o n c e n tra t io n  o f  a f la to x in  
in  c o n su m e r  p e a n u ts  h a s  b e en  ro u g h ly  e s t im a te d  as 
a t  lea s t 1-5 p p b  in 1975, a n d  m o re  in  th e  tw o  p re c e d 
in g  y e a rs  (S to lo ff, 1976; T a b le  4). In  re c e n t y ears , th e  
a v e ra g e  c o n su m p tio n  o f  p e a n u ts  in  th e  U S  h a s  been  
a b o u t  6 p o u n d s  (2-7 kg) p e r  p e rso n  (U S  B u re a u  o f  
C e n su s , 1977). F o r  a  p e rso n  e a tin g  2 k g  o f  m o is t so lid  
fo o d  p e r  d ay , th ese  e s tim a te s  im p ly  a n  a v e ra g e  c o n 
c e n tra t io n  o f  a t  le a s t 0 0 1 1  p p b  in  th e  U S  d ie t: 
(2-7 x  l-5)/(365 x  2) =  0-011 p p b . O f  c o u rse , w e h av e
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Table 5 Virtual safe doses and expected numbers o f cases o f liver cancer among V S males, calculated using the
various models

Mathematical 
model usee

Data from 
studies in man

Data from rat 
study I only

Data from all five 
rat studies

Best estimate Best estimate
99°„ confidence 

limit
99°„ confidence 

Best estimate limit

Calculated intake (ppb) resulting in a 1/106 risk of liver cancer*
Probit — 0-11 0-0037 0-054
Logit — 0-0086 0-029 x 10 3 0-77 x 10~3
One-hit 0-36 x 10~3 0-058 x 10~3 0-039 x 10~3 0-14 x 10 3
Mantel-Bryan — — 0-98 x 10 3 1-3 x 10~3

Calculated no. of cancer cases in US males resulting from an intake of 0-011 ppb aflatoxint
Probit — 0-01 22 0-01
Logit — 2 540 36
One-hit 46 290 430 120
Mantel-Bryan — — 160 — 96

*This is a lifetime risk (assuming that a dietary level of 0035 ppb is equivalent to a daily intake of 1 ng/kg body 
weight/day for a 70-kg person ingesting 2 kg of moist solid food per day).

+The estimated average concentration of aflatoxin in the US diet is 0-011 ppb.

n o  w ay  o f  k n o w in g  th e  c o n c e n tra t io n  in  p e a n u ts  a n d  
o th e r  fo o d s  p r io r  to  1960, w h en  a f la to x in  w as d is 
co v ered .

F in a lly , th is  e s t im a te d  c o n c e n tra t io n  fo r  th e  US 
p o p u la tio n  c a n  be  used  w ith  e ac h  m o d e l to  c a lc u la te  
th e  c o r re s p c n d in g  y early  n u m b e r  o f  liv e r c a n c e r  cases  
a t t r ib u ta b le  to  a f la to x in  a m o n g  US m ales. T h ese  
re su lts  a re  g iv en  in T a b le  5. F o r  c o m p a r is o n , th e re  
a re  a b o u t  2500 liv er c a n c e rs  e a c h  y e a r  a m o n g  US 
m ales.
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REVIEWS OF RECENT PUBLICATIONS

IARC Monographs on the Evaluation of the Carcino
genic Risk of Chemicals to Humans. Some /V-Nitroso 
Compounds. Vol. 17. In te rn a tio n a l  A gency  fo r R e
se a rc h  o n  C a n c e r , L y o n , 1978. pp . 365. Sw .fr. 50.00 
(a v a ila b le  in th e  U K  th ro u g h  H M S O ).

T h e  se v e n te e n th  v o lu m e  o f  th ese  IA R C  M o n o 
g ra p h s  e v a lu a te s  th e  c a rc in o g e n ic  risk  a s so c ia te d  w ith  
18 N -n itro so  c o m p o u n d s . T h e  n itro sa m in e s , se lec ted  
o n  th e  g ro u n d s  o f  th e ir  e n v iro n m e n ta l  o c c u rre n c e  
a n d  k n o w n  p ro file  o f  c a n c e r  te s tin g , a re  /V -n itroso-n- 
b u ty la m in e . N -n i t ro s o d ie th a n o la m in e , /V -n itro sod i- 
e th y la m in e , /V -n itro so d im e th y lam in e , /V -n itrosod i-/i- 
p ro p y la m in e , N -n itro so fo lic  ac id , IV -n itro so m eth y l- 
e th y la m in e , IV -n itro so m eth y lv in y lam in e , /V -n itroso- 
m o rp h o lin e . N '-n itro so n o rn ic o tin e , iV -n itro so p ip e ri-  
d ine , /V -n itro so p ro lin e , N -n itro so h y d ro x y p ro lin e , 
iV -n itro so p y rro lid in e  a n d  N -n itro so sa rc o s in e . S everal 
o f  th ese  w ere  th e  su b je c t o f  e a r l ie r  m o n o g ra p h s , n o w  
rev ised  a n d  e x te n d ed . A lso  c o n s id e re d  a re  th e  n itro s -  
a m id e s , iV -n itro so -lV -e th y lu rea  a n d  N -n itro so -N -  
m e th y lu re a , to g e th e r  w ith  th e  s tru c tu ra lly - re la te d  
a n tic a n c e r  d ru g  s t r e p to z o to c in . A s is c u s to m a ry  in 
th is  se ries , th e re  is a n  o p e n in g  se c tio n  o n  p rin c ip le s  
fo r e v a lu a tin g  th e  c a n c e r  risk  o f  c h em ica ls . T h is  is 
fo llow ed  by a  c h a p te r  o n  th e  c a rc in o g e n ic  s ta tu s  o f  
n i tro sa m in e s , p re c e d in g  th e  in d iv id u a l m o n o g ra p h s . 
A c u m u la tiv e  in d ex  p ro v id e s  a  r a p id  m ea n s  o f  
lo c a tin g  an y  o f  th e  sev e ra l h u n d re d  m o n o g ra p h s  
c o m p le te d  to  d a te ;  lo c a tio n  o f  w o rk  by  a u th o r  is re 
s tr ic te d  to  a n  a lp h a b e tic a l  lis t o f  re fe ren ces specific  
to  e a c h  m o n o g ra p h .

V a rio u s  ag en c ie s  in  at least 24  c o u n tr ie s  a re  k n o w n  
to  c o n su lt th e  IA R C  M o n o g ra p h s  o n  a  ro u t in e  b asis, 
m o re  p e rh a p s  fo r re lia b le  su m m a rie s  o f  c a rc in o g e n i
c ity  d a ta  th a n  fo r a n y  b o ld  e s tim a te s  o f  h u m a n  
h a z a rd . A p e ru sa l  th ro u g h  th e  firs t 17 v o lu m e s, r a th e r  
th a n  m ere ly  s a t ia t in g  th e  e n q u ir in g  o r  e n cy c lo p a e d ic  
m in d , w ill b e  a  re a s s u r in g  ex erc ise  fo r th o se  w h o  a re  
re q u ire d  to  u se  a n im a l d a ta  in  e x tra p o la t io n s  to  p o ss 
ib le  h u m a n  risk . As is p o in te d  o u t  in  th e  ‘p re a m b le ’ 
to  v o lu m e  17, a b o u t  26 o f  th e  c h em ica ls  o r  m a n u fa c 
tu r in g  p ro c esses  c o v e re d  so  far in  th is  se ries  a re  n o w  
g e n e ra lly  a c c e p te d  to  c a u se  c a n c e r  in  m an , a n d  in 
th is  g ro u p  a ll b u t p o ss ib ly  tw o  o f  th o se  th a t  h av e  
b e e n  te s te d  a p p ro p r ia te ly  h av e  p ro d u c e d  c a n c e r  in 
a t lea s t o n e  a n im a l spec ies, th e  p o ss ib le  e x ce p tio n s  
b e in g  a rse n ic  a n d  b e n ze n e . F o r  se v e ra l o f  th e  g ro u p  
(a fla to x in , 4 -a m in o b ip h e n y l,  d ie th y ls t ilb o e s tro l,  m el- 
p h a la n , m u s ta rd  g as a n d  v iny l ch lo rid e), th e  d e m o n 
s tra t io n  o f  c a rc in o g e n ic ity  in  a n im a ls  p re c e d e d  th e  
ev id en ce  o b ta in e d  fro m  e p id e m io lo g ic a l s tu d ie s  o r  
c a se  re p o rts . S u c h  c o n s id e ra tio n s  a p p e a r  to  h a v e  p r o 
v o k e d  so m e  c h a n g e  in  th e  a t t i tu d e  o f  IA R C  e x p e rts  
to w a rd s  th e  u se  o f  a n im a l d a ta .  D a ta  th a t  p ro v id e  
“su ffic ien t” ev id e n ce  o f  c a rc in o g e n ic ity  (i.e. ev id en ce  
o f  a n  in c re ase  in  m a lig n a n t tu m o u rs )  a re  n o w  
re g a rd e d  as p ro v id in g  a  re a so n a b le  b a s is  fo r tre a tin g  
a  c o m p o u n d  in  p ra c tic a l  te rm s  as if it w ere  a  h u m a n  
carc in o g e n . O n ly  th re e  o f  th e  c o m p o u n d s  c o n s id e re d

in v o lu m e  17 h av e  “ in su ffic ien t” in c r im in a tin g  ev i
d e n c e  fro m  a n im a l s tu d ie s . T h e  lack  o f  useful d a ta  
(from  an y  so u rce) p ro h ib ite d  an y  e v a lu a tio n  o f  
iV -n itro so fo lic  acid , N -n i t ro s o p ro l in e  a n d  JV -nitroso- 
h y d ro x y p ro lin e .

It is n o te w o rth y  th a t  th e  re su lts  o f  sh o r t - te rm  p o s i
tiv e  te s ts  a re  b e in g  in c o rp o ra te d  to  a n  in c re as in g  
e x te n t in to  IA R C  M o n o g ra p h s . T h e  W o rk in g  G ro u p  
c o n s id e rs  p o sitiv e  re su lts  in  v a lid a te d  s h o r t- te rm  tests 
as a n  in d ic a tio n  o f  p o te n tia l  c a rc in o g e n ic ity , b u t 
s tre sses  th a t  n e g a tiv e  re su lts  c a n n o t b e  c o n s id e re d  su f
ficien t ev id en ce  to  ru le  o u t th e  p o ss ib ility  o f  su c h  a  
re sp o n se .

In  all, th e  la te st m o n o g ra p h s  in th e  IA R C  series 
m u st b e  s tro n g ly  re c o m m e n d e d , p a r tic u la r ly  to  th o se  
w h o  h av e  n e ith e r  th e  t im e  n o r  p e rh a p s  th e  in c lin a tio n  
to  e x am in e  th e  p r im a ry  l i te ra tu re  o n  n itro s a m in e  c a r 
c in o g en ic ity .

Lead Pollution in Birmingham. A Report of the Joint 
Working Party on Lead Pollution around Gravelly 
Hill. P o llu tio n  P a p e r  N o . 14. C e n tra l  U n it o n  E n 
v iro n m e n ta l  P o l lu tio n ;  D e p a r tm e n t  o f  th e  E n v iro n 
m en t. H M S O , L o n d o n , 1978. p p . v iii +  110. £3.75.

P u b lic  c o n c e rn  o v e r th e  effect o f  lead  p o l lu t io n  h as 
c e n tre d  a ro u n d  th e  G ra v e lly  H ill M 6 -A 3 8  m o to rw a y  
in te rc h a n g e  (S p a g h e tti  Ju n c tio n )  fo r a  n u m b e r  o f  
y e a rs . In  1974 a  J o in t  W o rk in g  P a r ty  o n  L ea d  P o l lu 
t io n  a ro u n d  G ra v e lly  H ill w as se t u p  by th e  D e p a r t 
m en t o f  th e  E n v iro n m e n t to  in v es tig a te  th e  e x te n t o f  
e n v iro n m e n ta l  lead  p o llu tio n  a n d  its effect o n  th e  
h e a lth  o f  th e  loca l p o p u la tio n . P re lim in a ry  d a ta ,  p u b 
lish ed  in  1974, in d ic a te d  th a t  th e re  h a d  b e en  a  sm a ll 
in c re a se  (a b o u t 4 -5  p g /1 0 0  m l) in  th e  m e a n  b lo o d - le a d  
c o n c e n tra t io n s  o f  a  g ro u p  o f  a d u lt  m e n  a n d  w o m e n  
in  th e  2-y e a r  p e r io d  s in c e  th e  o p e n in g  o f  th e  m o to r 
w ay. N o w  a  full re p o r t  o f  su b s e q u e n t s tu d ie s  h as b e en  
p u b lish e d .

M e a su re m e n ts  o f  a tm o sp h e r ic  lea d  c o n c e n tra t io n s  
fro m  a  v a r ie ty  o f  s ites  re v ea le d  th a t  th e  m e a n  a n n u a l 
c o n c e n tra t io n  o f  lea d  in  a ir  w as less th a n  th e  p r o 
p o se d  E E C  a ir  q u a lity  s ta n d a rd  o f  2 ng /m 3. H o w ev er, 
th e re  w as a  d is tin c t s e a so n a l  p a tte rn  a n d  th is  level 
w as re a c h e d  o n  a  m o n th ly  a v e ra g e  b as is  in  O c to b e r ,  
N o v e m b e r  a n d  D e ce m b er. As ex p ec te d  th e  m ea n  
u rb a n  v a lu e s  w ere  h ig h e r  th a n  th o se  fo r th e  s u b u rb a n  
a rea , b u t  ev en  so  th ey  w ere  n o t  a b n o rm a l  in  c o m p a r i
s o n  w ith  o th e r  la rg e  c ities . A n  e n v iro n m e n ta l  assess
m e n t c le a re d  o th e r  fa c to rs , in c lu d in g  th e  u se  o f  lead - 
c o n ta in in g  u ten s ils , c u lin a ry  a id s  o r  c o sm etics , as 
p o te n t ia l  so u rc e s  o f  e n h a n c e d  lea d  e x p o su re . W h ile  
th e  c o n c e n tra t io n  o f  lead  in  d u s t  sa m p le s  fro m  g u tte rs  
w as d ire c tly  c o r re la te d  w ith  tra ffic  flow , as w o u ld  be  
ex p ec te d , it w as fo u n d  th a t  n e ith e r  ro a d s id e  n o ise - 
a b a te m e n t  b a r r ie rs  n o r  d o u b le  g la z in g  o f  h o u se  w in 
d o w s a ffec ted  th e  g e n e ra l level o f  d u s t  c o n ta m in a tio n .

In  o rd e r  to  c o m p a re  b lo o d  levels o f  lead , th e  city  
w as su b d iv id e d  g e o g ra p h ic a lly  in to  fo u r a re a s :  a n  in 
n e r  z o n e  w ith in  th e  m id d le  r in g  ro a d ,  a  m id -z o n e
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b e tw ee n  th e  m id d le  an d  o u te r  r in g  ro a d s , a n  o u te r  
z o n e  p e r ip h e ra l  to  th e  o u te r  r in g  a n d  finally  a n  o u t 
s id e  a re a , th e  w h o le  o f  S u t to n  C o ld fie ld . W ith in  each  
o f  th ese  a re a s , th re e  p o p u la t io n  g ro u p s  w ere  s a m 
p le d — a d u  ts, sc h o o l c h ild re n  aged  8 -1 4  y e ars  an d  
p re -sc h o o l c h ild re n  ag ed  1 -5  y ears .

E q u a l g ro u p s  o f  m e n  a n d  w o m e n  (225 a n d  221 re 
sp ec tiv e ly ) n o t  o c c u p a tio n a lly  e x p o se d  to  lead  w ere 
s tu d ie d . R e su lts  in d ic a te d  th a t  th e  b lo o d - le a d  c o n c e n 
t r a t io n  ra n g e  an d  d is t r ib u t io n  fo r w o m e n  (3 -3 5  
/tg, 100 m l) w as w ith in  th e  re fe ren ce  c o n c e n tra t io n  in 
th e  E E C  D ire c tiv e  o n  B io log ica l S c re en in g  o f  th e  
P o p u la tio n  fo r L ea d , b u t  fo r m e n  th e re  w as a n  excess, 
th e  ra n g e  b e in g  9 -4 6  pg, 100 m l w ith  a  d is t r ib u t io n  
sh ifted  to w a rd s  th e  h ig h e r va lues.

T h e  m e a n  b lo o d - le a d  c o n c e n tra t io n  in m en , 22T  
/(g,TOO m l. w as fo u n d  to  be  u n re la te d  to  age. w h ereas  
th e  lo w e r m e a n  level in w o m e n , 14-7 p g /lO O m l, in 
c rea se d  w i.h  in c re as in g  ag e  to  re a c h  th e  m a le  p o p u la 
tio n  level in w o m e n  a b o u t  40  y e a rs  o ld . T h e  b lo o d  
levels w ere  fo u n d  to  be  h ig h e r in p e o p le  liv ing  in 
o ld e r  h o u se s— a fa c to r  u n re la te d  to  th e  p re sen c e  o f 
lead  p ip e s— a n d  to  b e  s lig h tly  in cre ased  in  c ig a re tte  
sm o k e rs . H o w ev e r th e  re p o rt  s tr ik e s  a  n o te  o f  c a u tio n  
o n  th e  in te rp re ta t io n  o f  th e  d a ta  c o n c e rn in g  th e  a d u lt 
p o p u la tio n  w hich , it feels, w as n o t re p re se n ta tiv e  o f 
th e  a d u lt c ity  p o p u la t io n  in  g en era l, e ith e r  g e o g ra p h i
ca lly  o r  e th n ic a lly .

T h e  ra n g e  a n d  d is t r ib u t io n  o f  b lo o d - le a d  c o n c e n 
t ra t io n s  in  sc h o o l c h ild re n  w as s im ila r  to  th a t  in th e  
a d u lt  fem a le  p o p u la t io n ,  a n d  n o n e  o f  th e  c h ild ren  
e x a m in e d  h a d  levels ex ceed in g  35 /rg /1 0 0  m l. T h e  p a r 
e n ta l re sp o n se  to  th e  s tu d y  w as n o t as g re a t  as h ad  
b e e n  ho p ed , a n d  o f  1120 c h ild re n , c o n se n t w as 
o b ta in e d  fo r m e a su re m e n ts  o n  o n ly  730. H o w ev er, 
re su lts  sh o w ed  th a t  w h e rea s  th e re  w as n o  sig n ifican t 
v a r ia t io n  o f  m e a n  b lo o d - le a d  c o n c e n tra t io n  w ith  age  
in bo y s, in  th e  g irls  th e  v a lu es w ere  s im ila r  to  th o se  
o f  th e  boys u n til  th e  ag e  o f  a b o u t  12 y ears , a f te r  w h ich  
th e y  w ere  s ig n ifican tly  low er. N o  d iffe ren ce  b e tw ee n  
th e  m e a n  b lo o d  c o n c e n tra t io n  in th e  d ifferen t ra c ia l 
g ro u p s  w as seen , b u t  th e re  w as a  s ig n if ic a n t d e c re ase  
in  va lu es fro m  th e  in n e r  z o n e  to  th e  o u te rm o s t  a reas, 
a n d  a  s ig n if ic a n t in c re ase  c o r re la te d  w ith  th e  ag e  o f  
th e  h o u sin g . A lth o u g h  th e  la t te r  tre n d  w as ir re sp e c 
tiv e  o f  th e  p re se n c e  o f  lea d  p ipes , n o  e n v iro n m e n ta l 
s tu d ie s  w ere  c a rr ie d  o u t so  th e  p o ss ib le  a lte rn a tiv e  
so u rc e s  o f  lead  e x p o su re  a re  u n k n o w n .

A d is a p p o in t in g  re sp o n se  w as a lso  o b ta in e d  w ith  
p re -sc h o o l c h ild re n , u n d e r  5 y e a rs  o ld , a n d  o n ly  243 
o f  a  to ta l  o f  353 a g ree d  p a r t ic ip a n ts  e v en tu a lly  to o k  
p a r t. O f  th ese  sa m p le s , th e  m e a n  v a lu e s  w ere  h ig h e r 
a n d  th e  ra n g e  w as w id e r th a n  w as th e  case  in  b lo o d  
fro m  sc h o o l c h ild re n . A g a in  th e  lo w e st m e a n  v a lu es 
w ere  in th e  o u te rm o s t  a re a s  o f  th e  city . A d is tu rb in g  
fe a tu re  o f  th is  p a r t  o f  th e  su rv e y  w as th e  fin d in g  th a t  
15 c h ild re n  h a d  b lo o d - le a d  c o n c e n tra t io n s  e q u a l to  
o r  g re a te r  th a n  35 /zg/100 m l, a n d  sev en  o f  th e se  cam e  
fro m  th e  to ta l  o f  83 c h ild re n  e x a m in e d  in  th e  tw o  
in n e r  a reas  o f  th e  c ity . A ll b u t  o n e  o f  th e se  c h ild re n  
w ere  o f  A s ia n  o rig in . T h e re  w as n o  c o n s is te n t tre n d  
w ith  h o u s in g  ag e  o r  w ith  th e  h a b it  o f  p ic a  (in g es tio n  
o f  n o n -fo o d  m a te ria ls )  a n d  fo llo w -u p  s tu d ie s  to  e s ta b 
lish  th e  so u rc e  o f  lea d  e x p o su re  fo r y o u n g  c h ild re n  
liv in g  in  th e  c e n tre  o f  th e  c ity  h a v e  b e e n  in itia te d . 
S u b se q u e n t m ed ic a l s tu d ie s  o n  n in e  o f  th e  c h ild re n

sh o w in g  ev id e n ce  o f  e n h a n c e d  e x p o su re  re v ea le d  no  
fran k  n e u ro lo g ic a l find ings o f  s ig n ifican ce ; m in o r  a b 
n o rm a li tie s  in th re e  o f  th e m  c o u ld  h av e  b e e n  re la te d  
to  o th e r  fac to rs .

In  his fo rew o rd  to  th e  re p o r t  th e  M in is te r  o f  S ta te  
a t th e  D e p a r tm e n t o f  th e  E n v iro n m e n t, th e  R t H o n . 
D en is  H o w ell, M P , su m m a riz e s  th e  find ings o f  th e  
W o rk in g  P a r ty  as sh o w in g  n o th in g  u n u su a l as 
r e g a rd s  b lo o d  lead  levels, n o r  an y  n eed  fo r sp ec ia l 
c o n c e rn  a b o u t lea d  p o llu tio n  u n d e r  su c h  tra ffic  c o n d i
tio n s . H o w ev er, th e  re p o rt  q u ite  c lea rly  s ta te s  th a t  
th e  m e a n  b lo o d - le a d  c o n c e n tra t io n s  o f  so m e  re s id en ts  
h as in c re ased  a n d  th a t  tn e  la te s t w o rk  su g g e sts  th a t  
a  re la tiv e ly  h ig h  p r o p o r t io n  o f  very  y o u n g  c h ild re n  
liv in g  in th e  in n e r  c ity  a re a s  h av e  e le v a te d  b lo o d - le a d  
c o n c e n tra t io n s . T h e  a tm o sp h e r ic  lead  c o n c e n tra t io n s  
w ith in  th e  a re a  d o  n o t a p p e a r  to  h av e  risen  c o n c o m i
ta n tly  w ith  th e  in cre ase  in  traffic  flow  a n d  d u e  to  
p ra c tic a l d ifficu lties  e n c o u n te re d  in  c a r ry in g  o u t th e  
su rv ey  th e  W o rk in g  P a r ty  c o n c lu d e s  th a t  it is n o t 
p re p a re d  to  say  w h e th e r  th e  in c re ase  in b lo o d - le a d  
c o n c e n tra t io n s  is a  d ire c t c o n se q u e n c e  o f  th e  in cre ase  
in  th e  traffic  flow . H o w ev e r a t th e  sa m e  tim e  it d o es 
p o in t  o u t  th a t  w hile  it c a n n o t be  c e r ta in  th a t  lead  
e m itte d  in traffic  e x h a u s t cau sed  th e  in crease  in b lo o d  
levels, n o  a lte rn a tiv e  h y p o th e s is  c a n  b e  p u t fo rw a rd  
a t  p re sen t. T h e  W o rk in g  P a r ty  a lso  c o n c lu d e d  th a t  
th e  a irb o rn e  lead  levels a ro u n d  th e  m o to rw a y  in te r 
c h a n g e  a re  n o t e x c e p tio n a l by u rb a n  s ta n d a rd s  an d  
th a t  th e re  is n o th in g  u n u su a l in  th e  a ir  a n d  d u s t  levels 
o f  lead  by c o m p a r is o n  w ith  o th e r  la rg e  c ities . N e v e r 
th e le ss  th e  fact re m a in s  :h a t  lead  is a c c u m u la te d  in 
th e  h u m a n  b o d y  a n d  a n y  in crease  in th e  level o f  e x p o 
su re  c a n n o t b e  ig n o red , esp ecia lly  in  th e  very  y o u n g , 
in  w h o m  a c tiv e  g ro w th  p e rio d s  fa v o u r  lead  a b s o rp 
tio n . E v en  if th e  m o to rw a y  sy s tem  is e x o n e ra te d  by 
th is  r e p o r t  it is to  be  h o p e d  th a t  th e  new  in v e s tig a 
t io n s  re c o m m e n d e d  by  th e  W o rk in g  P a r ty  will b e  in 
itia te d .

La Réglementation des Produits. Alimentaires et 
Autres. Qualité et Répression des Fraudes. By R. A.
D eh o v e . 9 th  Ed. C o m m e rc e  E d itio n s . P a ris , 1978. p p . 
xvi +  1060. F .fr. 260.00.

T h e  n in th  e d it io n  o f  “ D e h o v e ” h a s  n o w  b e e n  p u b 
lish ed . T h is  c o m p re h e n s iv e  d o c u m e n ta t io n  o f  F re n c h  
le g is la tio n  c o n c e rn in g  th e  sa le  o f  a ll m e rc h a n d ise , in 
c lu d in g  fo o d  a n d  d r in k , first a p p e a re d  in 1954, an d  
h as b e e n  u p -d a te d  a t  re g u la r  in te rv a ls . T h e  n ew  e d i
t io n  fo llow s th e  sa m e  fo rm a t as th a t  o f  its p re d e c e s 
so r , rev iew ed  so m e  tim e  ag o  (Cited in F.C.T. 1975, 
13, 569). I t  is th u s  s im ila rly  d iv id e d  in to  six  p a rts , 
s ta r t in g  w ith  th e  C o n s ti tu t io n a l  L a w  o f  1 A u g u s t 
1905, w h ich  fo rm s th e  basis  o f  su b s e q u e n t re g u la tio n s , 
a n d  ra n g in g  fro m  fo o d  hygiene , p a c k a g in g  a n d  la b e l
lin g  a n d  th e  sa le  o f  fo o d  a n d  b e v e ra g es  to  a n im a l 
fo o d stu ffs  a n d  a g r ic u ltu ra l  a n d  h o u se h o ld  p ro d u c ts .

S in c e  th e  la s t e d it io n  a p p e a re d  in  1974, th e  tex t 
h a s  b e en  c o n s id e ra b ly  u p d a te d  to  in c o rp o ra te  n o t 
o n ly  th e  la te s t F re n c h  leg is la tio n  b u t  a lso  th e  m o st 
re ce n t m a n u fa c tu r in g  a n d  c o m m e rc ia l in fo rm a tio n . 
H o w ev e r, p e rh a p s  th e  m o s t im p o r ta n t  a n d  useful 
a d d it io n , fo r n o n -F re n c h  re a d e rs , is th e  in c lu s io n  
w h e re  p o ss ib le  o f  th e  la te s t le g is la tio n  re su ltin g  fro m  
C o m m o n  M a rk e t  d irec tiv e s . In  p a r t ic u la r  t h t
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c h a p te rs  o n  su g a r  p ro d u c ts  a n d  c h o c o la te s , w in e  a n d  
co sm etics  h av e  b e en  ex ten siv ely  m o d ified . S o m e  
m in o r  c h a n g e s  h av e  re su lte d  fro m  su g g e s tio n s  a n d  
re q u e s ts  fro m  re a d e rs  o f  p re v io u s  e d it io n s  a n d  las t, 
b u t c e r ta in ly  n o t  least, th e  key  in d ex  a t  th e  b a c k  o f  
th e  b o o k  h a s  b e e n  ex ten siv ely  rev ised  to  in c o rp o ra te  
a ll th e  c h an g e s  e m b o d ie d  w ith in  th e  tex t.

A lw ays a  w e lco m e  a d d it io n  to  an y  l ib ra ry , 
“ D e h o v e ” sh o u ld  p ro v e  in th is  n ew  e d it io n  to  b e  o f  
w id e r sc o p e  a n d  th e re fo re  o f  ev en  g re a te r  v a lu e  th a n  
before .

Health and the Environment. Public Health in Europe
N o . 8. W H O  R e g io n a l O ffice  fo r E u ro p e , C o p e n 
h ag en , 1977. p p . iii +  162. Sw .fr. 18.00 (a v a ila b le  in 
th e  U K  th ro u g h  H M S O ).

R e ce n t d e v e lo p m e n ts  h a v e  d ra m a tic a lly  e x te n d e d  
th e  h o stile  fa c to rs  m a n  m ay  e n c o u n te r  in  h is e n v iro n 
m en t, a d d in g  m a n y  in d u s tr ia l  ch em ica ls , new  fo rm s 
o f  ra d ia t io n  e x p o su re  a n d  o th e r  m a n -m a d e  h a z a rd s  
to  e s ta b lish e d  d a n g e rs  su c h  as th o se  p re se n te d  by  d is 
ease  o rg a n ism s . T h e  e x te n t an d  sp eed  o f  th e se  d e v e l
o p m e n ts  c o n s t itu te  a  m a jo r  c h a llen g e  to  m a n ’s c a p a 
c ity  fo r b io lo g ic a l a d a p ta t io n .

T h is  v o lu m e  in  th e  ‘P u b lic  H e a lth  in  E u ro p e ’ series 
e x am in es  so m e  w ay s in  w h ich  so c ie ty  is a tte m p tin g  
to  c o m e  to  te rm s  w ith  b o th  o ld  a n d  new  h e a lth  p r o b 
lem s. I t b r in g s  to g e th e r  c o n tr ib u t io n s  fo r 14 W H O  
R e g io n a l O ffice  s ta ff  m e m b e rs  a n d  c o n su lta n ts  a n d  
p ro v id e s  a  u sefu l in d ic a tio n  o f  th e  o rg a n iz a t io n ’s e n 
v iro n m e n ta l  a c tiv itie s  w ith in  E u ro p e . C le a rly  W H O  
is e x tre m e ly  a c tiv e  in  fo s te rin g  w o rk  d e s ig n e d  b o th  to  
m a in ta in  a n d  to  im p ro v e  th e  E u ro p e a n  e n v iro n m e n t. 
T h e  s o lu tio n s  a re  n o t  re s tr ic te d  to  th e o re tic a l  g e n e ra l
iza tio n , a s  h a s  o f te n  b e e n  th e  c ase  in  th e  p a s t ;  
e x a m p le s  a re  d ra w n  fro m  o p e ra t io n a l  sch em es d e a lin g  
w ith  p ro b le m s  su c h  as n o ise  p o llu tio n  in A th e n s , a ir  
p o llu tio n  in  B ilb a o  a n d  w a te r  p o llu tio n  in  H u n g a ry .

M a n y  o f  th e  p ro b le m s  a re  a t  th e ir  m o s t a c u te  in 
ru r a l  a re a s  a n d  d e v e lo p in g  c o u n tr ie s . S u c h  reg io n s , 
in  c o n tra s t  to  u rb a n  zo n es , h a v e  in h e r ite d  a  p o o r  
e co n o m y , a re  lik e ly  to  b e  u n d e rg o in g  a  p o p u la t io n  
e x p lo s io n  a n d  la c k  a d e q u a te  m a te r ia ls  a n d  t r a in e d  
m a n -p o w e r . T h e ir  p ro b le m s  te n d , th e re fo re , to  b e  
se lf -p e rp e tu a tin g , a n d  m ig ra t io n  fro m  ru ra l  to  u rb a n  
a re a s  h a s  o ften  b e e n  a  re su lt. T o  so m e  e x te n t su c h  
p ro b le m s  m a y  b e  eased  b y  a  c o -o rd in a te d  in te rn a t io n a l  
a p p ro a c h .  O rg a n iz a tio n s  o th e r  th a n  W H O  h a v e  
b e e n  in v o lv e d  a n d  m e n tio n  is m a d e  o f  c o lla b o ra t io n  
w ith  th e  In te rn a tio n a l  L a b o u r  O ffice (IL O ), th e  
U n ite d  N a t io n s  D e v e lo p m e n t P ro g ra m m e  (U N D P )  
a n d  th e  In te rn a tio n a l  A gency  fo r R e se a rc h  o n  C a n c e r  
(IA R C ).

F o r  th e  in d u s tr ia l to x ic o lo g is t, tw o  o f  th e  c o n tr ib u 
tio n s  in  th is  r e p o r t  sh o u ld  p ro v e  p a r tic u la r ly  in te re s t
ing . B o th  a re  c o n c e rn e d  w ith  th e  p ro b le m s  o f  in tro 
d u c in g  new  c h em ica ls  in to  in d u s try  a n d  a d o p tin g  
e x p o su re  lim its . T h e ir  a p p ro a c h  is g e n e ra l, a lth o u g h  
th e y  g ive  a  re a so n a b le  id ea  o f  th e  p re se n t s ta te  o f  
a ffa irs  in E u ro p e . W e  a re  re m in d e d  th a t  ju d g e m e n ts  
a n d  d e c is io n s  by  h e a lth  d e p a r tm e n ts  a n d  o th e r  
g o v e rn m e n t o rg a n iz a tio n s  a re  se ld o m  b a se d  so le ly  o n  
th e  a v a ila b le  sc ien tific  ev id en ce . P o litic a l, c u ltu ra l  a n d  
e c o n o m ic  c o n s id e ra tio n s  c au se  loca l, re g io n a l a n d  
n a tio n a l  a u th o r i t ie s  to  c o m e  to  q u ite  d iffe ren t p o licy  
c o n c lu s io n s . U n fo r tu n a te ly , a t te m p ts  to  re co n c ile  th e  
d iffe re n t a p p ro a c h e s  to  th e  se ttin g  o f  c r ite r ia  an d  
lim its  h a v e  p ro g resse d  very  slow ly .

D e sp ite  th e  vast sca le  o f  th e  p la n n in g  inv o lv ed , o n e  
g e ts  th e  im p re ss io n  th a t  so m e  p ro g re ss  is b e in g  m ad e . 
L e t u s  h o p e , th e re fo re , th a t  th e  le s so n s  le a rn e d  will 
b e  o f  v a lu e  in  th e  d e v e lo p m e n t o f  s im ila r  p ro je c ts  
in  th e  T h ird  W o rld .
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L E A D — A W E IG H T Y  P R O B L E M

L ea d  is u b iq u ito u s  in  n a tu re , b u t  th e  m a in  so u rc e  
o f  th e  e n v iro n m e n ta l  lead  p ro b le m  s te m s fro m  e x p lo i
ta t io n  o f  th ese  n a tu r a l  so u rc e s  by m an . U sed  since  
a t  least 3000 BC, th e  e n v iro n m e n ta l  c o n c e n tra t io n  o f  
lead  h a s  r ise n  sh a rp ly  s in ce  th e  a d v e n t o f  th e  in d u s 
t r ia l  r e v o lu tio n . T h e  h a z a rd  to  m a n  is n o w  w ell d o c u 
m e n te d  an d  is c o n tin u a lly  u n d e r  rev iew . A re ce n t s u r 
vey o f  h o u se h o ld  w a te r  su p p lie s  in  G re a t  B rita in , for 
ex am p le , re v ea le d  th a t  levels h ig h e r th a n  th o se  re c o m 
m e n d e d  by W H O  (Cited in F.C.T. 1972, 10, 228) an d  
spec ified  by  th e  m o re  re ce n t E E C  d ra ft d ire c tiv e  (Off. 
J. Europ. Commun. 1975, 18 (C 214), 2) w ere  m o re  
w id e sp re a d  th a n  h a d  b e e n  e x p e c te d  (Cited in F.C.T. 
1978, 16, 278).

T h e  a tm o sp h e r ic  c o n c e n tra t io n s  o f  lea d  in  u rb a n  
a rea s  a n d  p a r tic u la r ly  th o se  fo u n d  n e a r  c o n g es te d  
ro a d  ju n c t io n s  h a v e  fo r lo n g  b e e n  a  so u rc e  o f  p u b lic  
a n x ie ty , a n d  th e  la te s t  g o v e rn m e n t e n q u iry  o n  th e  
p o ss ib le  e n v iro n m e n ta l  h a z a rd  o f  liv ing  n e a r  bu sy  
m o to rw a y s  h a s  fo c u sse d  o n  B irm in g h a m ’s S p a g h e tti  
J u n c t io n  (Cited in F.C.T. 1979, 17, 167). A n  in d ic a tio n  
o f  a n  in c re ase  in  th e  m e a n  b lo o d - le a d  level o f  so m e  re s i
d e n ts  ev en  in  th e  a b se n ce  o f  an y  a lte ra t io n  in  a irb o rn e  
lead  c o n c e n tra t io n  w ill g ive  rise  to  fu r th e r  th o u g h t.

In v e s tig a tio n  o f  th e  h e a lth  o f  v a r io u s  se c to rs  o f  th e  
p u b lic  m u s t n e ce ssa rily  be  lim ite d  by th e ir  very  
n a tu re , a n d  s tu d ie s  th a t  a d d  to  th e  k n o w le d g e  o f  th e  
a b s o rp t io n ,  e x c re tio n  a n d  m e ta b o lism  o f  lead  in  a n i
m als  w ill a lw a y s  be  re g a rd e d  w ith  in te re s t  a s  a  p o ss 
ib le  in s ig h t in to  th e  fa te  o f  lead  in m an . In  a  re ce n t 
s tu d y , q u a n ti ta t iv e  e s t im a te s  o f  th e  a b s o rp t io n ,  e x c re 
tion; a n d  m e ta b o lism  o f  lead  in  r a ts  w ere  m a d e  by 
m e a su rin g  to ta l -b o d y  ra d io a c tiv ity  in  a  sm a ll-a n im a l 
w h o le -b o d y  liq u id  sc in ti l la t io n  d e te c to r  fo llo w in g  a d 
m in is tra tio n  o f  a  r a d io is o to p e  o f  lea d  (203P b  o r  
210P b ) a f te r  o v e rn ig h t s ta rv a tio n  (C o n ra d  &  B a rto n , 
Gastroenterology 1978, 74, 731).

In  th e  a b s o rp t io n  s tu d ie s , lead  w as g iv en  a s  1 pCi 
201 P b . w ith  v a ry in g  a m o u n ts  o f  P b C l2 a s  c a rr ie r , 
e ith e r  by d ire c t s to m a c h  c a th e te r iz a tio n  o r  by  in jec 
tio n  in to  a n  iso la te d  in te s t in a l  se g m en t fo llo w in g  
la p a ro to m y . T h e  u r e th r a  w as su tu re d  to  p re v e n t u r i
n a ry  lo sses o f  a b so rb e d  lead , a n d  in  m o s t e x p e r im e n ts  
th e  b ile  d u c t  w as iso la te d . T o ta l-b o d y  ra d io a c tiv ity  
w as m e a su re d  sh o r t ly  a f te r  th e  lea d  a d m in is t r a t io n  
a n d  4  h o u rs  la te r, w h e n  th e  r a ts  h a d  b e en  k illed  a n d  
th e  iso la te d  se g m en ts  o f  g u t h a d  b een  re m o v e d  fo r 
s e p a ra te  assay  o f  re ta in e d  ra d io a c tiv ity . T h e  p e rc e n t
a g e  o f  ra d io le a d  re ta in e d  in  th e  in te s tin a l seg m en ts  
w a s  th e n  d e te rm in e d  by  c o m p a r is o n  w ith  in itia l 
w h o le -b o d y  ra d io a c tiv ity . F o r  th e  e x c re tio n  s tu d ie s , 
2 pCi 210P b  in  sa lin e  w as in je c te d  in to  th e  d o rs a l  ve in  
o f  th e  p en is  a n d  w h o le -b o d y  ra d ia t io n  w as d e te r 
m in ed  im m e d ia te ly  a f te r  d o s in g  a n d  a t  se t in te rv a ls  
(in itia lly  d a ily ) th e re a f te r . R a d io a c tiv ity  o f  e x c re ta  an d

b lo o d  sp ec im en s w as a lso  m e a su re d  in  so m e  e x p e ri
m en ts .

It w as fo u n d  th a t  a b s o rp t io n  o f  lead  o c cu rre d  
a lm o s t  so le ly  fro m  th e  sm a ll in te s tin e , w here  it 
e n te re d  th e  e p ith e lia l m u c o sa l cells. M a x im u m  
a b s o rp t io n  to o k  p lac e  in  th e  d u o d e n u m  w h ere  th e  
m u c o sa l u p ta k e  a n d  su b se q u e n t t r a n s p o r t  in to  th e  
b o d y  w a s  e n h a n c e d  by  bile. U p ta k e  w as m a x im a l 
w ith in  0 5  h o u r  o f  a d m in is t r a t io n  o f  th e  tes t d ose , 
w h e rea s  a b s o rp t io n  in to  th e  b o d y  in c re ased  slow ly  
o v e r a  p e r io d  o f  2 h o u rs , a f te r  w h ich  it  levelled  o u t. 
T h ese  re su lts  su g g est th a t  s a tu ra t io n  o f  a n  in te s tin a l-  
m u c o sa  a c c e p to r  lim its  th e  a m o u n t  o f a b s o rp t io n  
fro m  th e  g u t. H o w ev er, th is  b lo c k  a p p e a rs  to  be  on ly  
a  re la tiv e  o n e  a s  th e  la rg e r  th e  d o se  th e  g re a te r  is 
th e  a m o u n t  o f  lead  e n te r in g  th e  b o d y ;  a lso  th e  to ta l 
b o d y  b u rd e n  d o e s  n o t  a ffec t a b s o rp tio n .

V a rio u s  o th e r  fa c to rs  w ere  fo u n d  to  affect the  
a b s o rp t io n  o f  lead , h o w e v er. C e r ta in  p h y sio lo g ic a l 
s ta te s , in c lu d in g  iro n  d e fic iency  a n d  th e  p e r io d  o f 
r a p id  g ro w th  th a t  o c c u rs  in th e  y o u n g  a n im a l, 
e n h a n c e  a b s o rp t io n ,  a s  d o  a sc o rb ic  a c id  a n d  o th e r  
n u tr i t io n a l  c o n s titu e n ts  th a t  in c re ase  th e  so lu b ility  o f 
lead . I ro n , z inc  a n d  c a d m iu m  d e c re a se  lea d  a b s o rp 
tio n , n o t  by  a ffec tin g  so lu b ility  b u t  by  c o m p e tit io n  
fo r th e  re c e p to r  s ite s  in  th e  in te s tin a l m u co sa .

L e a d  e x c re tio n  fro m  th e  ra t  w as fo u n d  to  b e  b i- 
p h a s ic  in  c h a ra c te r ,  m o re  th a n  h a lf  o f  th e  d o se  b e in g  
lo s t w ith in  a  w eek o f  a d m in is tra t io n , th e  g re a te r  p a r t  
in  th e  first d ay . S u b se q u e n t lo ss o c c u rre d  o v e r a 
p e r io d  o f  m o n th s . O f  th e  lea d  ex cre ted , tw o  th ird s  
w as p a sse d  o u t in  th e  u r in e  a n d  m o s t o f  th e  
re m a in d e r  in th e  faeces. B ile a p p e a re d  to  p lay  a n  im 
p o r ta n t  ro le  in th e  lo ss fro m  th e  gu t.

In tra v e n o u s  in je c tio n  o f  lea d  re su lte d  in  very  ra p id  
c le a ra n c e  fro m  th e  p la sm a , o n ly  10%  o f  a  d o se  o f  
2 pCi 210P b  b e in g  re c o v e ra b le  a f te r  5 m in u te s . A re la 
tive ly  la rg e  a m o u n t o f  th e  lead  in  th e  b lo o d  w as c o n 
c e n tra te d  in  th e  e ry th ro c y te s , a  fac t w h ich , to g e th e r  
w ith  th e  ra te  o f  lo ss  f ro m  th ese  cells, su g g e ste d  th a t  
th e y  se rv ed  a s  a n  im p o r ta n t  t r a n s p o r t  m e c h a n ism  fo r 
lead  d e p o s itio n  in  o th e r  o rg a n s  o r  fo r e x c re tio n . 
D e p o s it io n  w as fo u n d  to  o c c u r  m a in ly  in  th e  k id n ey s  
a n d  liver, w h ich  a c t as th e  p r in c ip a l  ro u te s  o f  ex cre 
tio n , b u t  it is im p o r ta n t  to  n o te  th a t  levels in  b o n e  
slow ly  in c re ased  b e fo re  re m a in in g  re la tiv e ly  s ta b le  
w ith  a  s lo w  ra te  o f  loss.

T h e se  re su lts  su g g e st th a t  w h ile  le a d  is ex c re te d  
fro m  th e  b o d y , th is  p ro c e ss  is lim itin g  a n d  lo n g -te rm  
a c c u m u la tio n  o f  lea d  o c cu rs  p r im a r ily  in  th e  b one , 
w h e re  it is re la tiv e ly  u n a v a ila b le  fo r ex cre tio n .

A s im ila r  d e p o s i tio n  o f  le a d  in  k id n e y s  a n d  liver 
w as fo u n d  in  e x p e r im e n ts  in  n e o n a ta l  ra ts  (S te v en so n  
et al. Toxic, appl. Pharmac. 1977, 40, 161). R a t  p u p s  
w ere  g iv en  50 p% le a d  d a ily  b y  g a s tr ic  in tu b a t io n  fro m

171



172 Articles of general interest— Fd Cosmet. Toxicol. Vol. 17. r.o. 2

b ir th  fo r 3 w eeks, a n d  th is  w as fo llo w ed  by in g es tio n  
o f  80 p p m  lead  in th e  d r in k in g -w a te r  fo r a  fu r th e r  
5 w eeks. T h ro u g h o u t  th e  8-w eek  e x p e r im e n ta l p e rio d , 
th e  c o n c e n tra t io n  o f  lead  in th e  re n a l t is su e  re m a in e d  
ro u g h ly  c o n s ta n t :  a t w eek 8 it w as tw ice  as g rea t 
as th a t  in  th e  liver w h ere  th e  level h a d  d ro p p e d  to  
a p p ro x im a te ly  h a lf  th e  w eek-2  va lue . H o w ev er, 
a lth o u g h  n o  d e m o n s tra b le  lead  d e p o s itio n  o c c u rre d  
in p u lm o n a ry  tissue , th y m id in e  in c o rp o ra tio n  in to  
D N A  sh o w e d  an  a p p ro x im a te ly  tw o - to  fo u rfo ld  in 
c rea se  in  t .ie  lu n g  as well as in th e  liver a n d  k id n ey  
tis su e s  a t th e  en d  o f  th e  2 m o n th s . In  all cases th is 
w as a s so c ia te d  w ith  a  s t im u la tio n  o f  th e  a d e n y la te  
cy clase-cy clic  A M P  sy stem  o f  th e  tissu es. P ro te in  sy n 
th es is  a n d  cell g ro w th  w ere  th e re fo re  fo u n d  to  be  
a lte re d  by  lead  b u t th e  a c tu a l p re sen c e  o f  lead  in  th e  
tis su e s  c o n c e rn e d  w as a p p a re n tly  n o t e sse n tia l. T h e  
fact th a t  on ly  tra c e  a m o u n ts  o f  lead  w ere  d e te c ta b le  
in th e  lungs m ay  w ell h av e  b e en  d u e  to  th e  c le a ra n c e  
m ec h an ism s  in  th is  o rg a n .

T h e  lu n g 's  tw o  p r in c ip a l defence  m ec h an ism s  
a g a in s t in h a le d  p a r tic le s  a re  th e  ac tiv ity  o f  th e  a lv e o 
la r  m a c ro p h a g e s  a n d  th e  m u c o c ilia ry  e sc a la to r— th e  
c o n tin u a l  c ilia ry  sw eep  o f  m u c u s -b o rn e  p a rtic le s  
a lo n g  th e  b ro n c h ia l  tra c t.  R ecen t in v e s tig a tio n s  o n  
th e  effects o f  lead  p a r tic le s  o n  th e se  a c tiv itie s  in  th e  
ra t lu n g  h a v e  b e en  re p o r te d  by K a m in sk i et al. (Br. 
J. exp. Path. 1977, 58, 9). L ea d  o x id e  (P b O ) w as g iven 
in a  s in g le  in tra p u lm o n a ry  d o se  o f  0-25 o r  1 0  m g  su s 
p e n d e d  in  0-5 m l n o rm a l sa line , q u a n ti t ie s  c o r re 
sp o n d in g  a p p ro x im a te ly  to  1 an d  4  m g /k g  to ta l  b o d y  
w eigh t, re sp ec tiv e ly . T h e  d ia m e te r  o f  m o re  th a n  79%  
o f  th e  P b O  p a r tic le s  g iven  th is  w ay  w as less th a n  
5 pm. In  ra ts  k illed  15 o r  40  d a y s  a fte r  th e  in tr a p u l 
m o n a ry  in s til la tio n , th e  p a r t ic u la te  P b O  w as fo u n d  
to  b e  d e p o s ite d  in th e  a lv eo li a n d  a lv e o la r  m a c ro 
p h a g es . L a rg e  a g g reg a te s  w ere  se e n  o c c a s io n a lly  b u t

th e re  w as little  ev id en ce  o f  lead  in th e  in te rs titia l  
tissu es o r  re g io n a l ly m p h  n odes.

E v id e n ce  o f  lead  e x c re tio n  fro m  th e  re sp ira to ry  
t ra c t  via th e  m u co c ilia ry  m e c h an ism  w as o b ta in e d  
fro m  e x a m in a tio n  o f  se c tio n s  o f  b ro n c h ia l  tissue. 
T h ese  sh o w ed  p la q u e s  o f  m u c o u s  m a te ria l  w ith  lead- 
c o n ta in in g  m a c ro p h a g e s . T h is  p ro c e ss  o b v io u s ly  c o n - 
t i n u 'd  fo r so m e  tim e.

W h en  th e  m a c ro p h a g e s  o b ta in e d  fro m  th e  ra ts  
e x p o se d  to  P b O  w ere  c o m p a re d  w ith  th o se  fro m  th e  
c o n tro l  g ro u p s , a n  in c re ase  in th e  n u m b e r  o f  v iab le  
cells re co v e red  w as fo u n d  to  follow  th e  lead  t r e a t 
m en t. T h is  w as e sp ec ia lly  m a rk e d  a fte r tre a tm e n t  a t 
th e  h ig h e r  d o se  level, w h en  th e  in c re ase  in v iab le  cells 
w as a b o u t  20-fo ld . T h is  h ig h  level w as m a in ta in e d  
th ro u g h o u t  th e  4 0 -d ay  e x p e r im e n ta l p e rio d , b u t  th e  
in vitro v iab ility  o f  th e  cells in a  c u ltu re  m e d iu m  w as 
low er th a n  th a t  o f  th e  m a c ro p h a g e s  o b ta in e d  fro m  
u n tre a te d  ra ts , a lth o u g h  th is  re d u c tio n  w as n o t  d o se  
d e p e n d e n t. T h ese  re su lts  in d ic a te  th a t  th e  to x ic ity  o f 
P b O  to  a lv e o la r  m a c ro p h a g e s  is re la tiv e ly  lo w — in tr a 
c e llu la r  P b O  a p p e a rs  to  be  less to x ic  to  m a c ro p h a g e s  
th a n  o th e r  fib ro u s  p a r tic u la te s  su ch  a s  a sb esto s .

L ead  is a v ita l m e ta l fo r an  in d u s tr ia l  e co n o m y . 
O v e r  th e  las t 20 y ears , its  c o n su m p tio n  h a s  in c re ased  
in th e  w e ste rn  w o rld  a t th e  ra te  o f  a p p ro x im a te ly
3-25% p e r y ear, a n d  th is  tre n d  is ex p ec ted  to  c o n tin u e  
(R o b in so n , in  The Biogeochemistry of Lead in the 
Environment. P a r t  A, e d ite d  by J. O . N r ia g u ;  p. 99: 
E ls e v ie r /N o r th -H o lla n d  B io m ed ica l P ress , A m ste r
d a m , 1978). W h ile  lead  c a n  be  s to re d  to  a  c e r ta in  
e x te n t in  th e  b o d y  tissu es, th e  a m o u n t  a c c u m u la te d  
will o b v io u s ly  in c re ase  w ith  age. an d  an y  a d d it io n  
to  th e  to ta l  b o d y  b u rd e n  by g e n e ra l e n v iro n m e n ta l  
e x p o su re  m u s t lea d  to  c o n ce rn .

[R . H a w k in s— B IB R A ]

F O E T A L  H E A L T H  W A R N IN G

W e last rev iew ed  in A p ril 1978 th e  l i te ra tu re  on  
th e  effec ts .h a t sm o k in g  d u r in g  p re g n a n c y  m ay  h a v e  
u p o n  th e  fo e tu s  (C o o p e r. Fd Cosmet. Toxicol. 1978. 
16. 187). D u r in g  th e  in te rv e n in g  y ear, ev id e n ce  o f  
a d v e rse  effects h a s  c o n tin u e d  to  a cc u m u la te .

A re ce n t N e w  Y o rk  s tu d y  len d s  s tro n g  s u p p o r t  to  
th e  th e o ry  th a t  c ig a re tte  sm o k in g  d u r in g  p re g n a n c y  
m ay  in c re ase  th e  c h a n c e s  o f sp o n ta n e o u s  a b o r t io n  
(K lin e  et a,. New Engl. J. Med. 1977, 297, 793). T h e  
sm o k in g  h a b its  o f  574 w o m e n  w h o  h a d  a b o r te d  s p o n 
ta n e o u s ly  w ere  c o m p a re d  w ith  a  c o n tro l  g ro u p  o f  320 
w o m e n  w h o  g ave  b ir th  a f te r  a t  least 28 w eek s  ges
ta t io n . T h e re  w ere  n o  s ig n ific a n t d ifferen ces b e tw een  
th ese  tw o  g ro u p s  in age. m a r ita l  s ta tu s , e th n ic  g ro u p , 
p lac e  o f  b ir th  o r  e d u c a tio n . W o m e n  w h o  h a d  a b o r te d  
s p o n ta n e o u s ly  re p o r te d  sm o k in g  d u r in g  th e ir  p re g 
n a n c y  m o re  o ften  th a n  th o se  w ith  d e liv e ry  a f te r  28 
w eeks, th e  f ig u res  b e in g  41 °„ fo r th e  fo rm er a n d  28%  
fo r th e  la tte r . W h e n  c o n fo u n d in g  v a r ia b le s  w ere  c o n 
tro lle d  in th e  a n a ly s is , w o m en  w h o  suffered  s p o n 
ta n e o u s  a b o r t io n s  w ere  tw ice a s  like ly  to  h a v e  
sm o k e d . C o m m e n tin g  o n  th ese  f in d in g s , a  L e a d in g

A rtic le  in  th e  British Medical Journal (1978. 1. 259) 
e m p h a s iz e d  th a t  w h ile  e a r l ie r  r e p o r ts  h a d  re a c h e d  
s im ila r  c o n c lu s io n s , th e  N e w  Y o rk  su rv ey  w as im p o r 
ta n t  in th a t  it w as c o n d u c te d  a t  a  tim e  w h en  in d u c e d  
a b o r t io n  w as legally  a v a ilab le . It w as th u s  m o re  likely  
th a t  th e  o b se rv e d  a b o r t io n s  w ere  tru ly  s p o n ta n e o u s  
a n d  n o t  m is re p o r te d  ille g a lly -in d u c ed  ones.

In  1960-61 a ll m o th e rs  a d m itte d  to  th e  m a te rn ity  
d e p a r tm e n ts  o f  ten  O n ta r io  te a c h in g  h o sp ita ls  w ere  
in te rv iew e d  so o n  a f te r  th ey  h a d  g iven  b ir th  a n d  a sk e d  
a b o u t  th e ir  sm o k in g  h a b its  d u r in g  p re g n an c y . T h e  
re su ltin g  d a ta ,  in v o lv in g  so m e  51.490 b ir th s  in c lu d in g  
701 fo e ta l a n d  655 n e o n a ta l  d e a th s , w ere  a n a ly se d  
by  M e y e r &  T o n a s c ia  [Am. J. Ohstet. Gynec. 1977. 
128. 494). T h e  a n a ly s is , w h ich  to o k  a c c o u n t  o f th e  
effects o f  m a te rn a l  h e ig h t, p re -p re g n a n t w e ig h t, " h o s 
p ita l p a y  s ta tu s "  a n d  age. p re v io u s  p re g n a n c ie s  an d  
th e  sex o f  c h ild , sh o w ed  th a t  p e r in a ta l  m o r ta l ity  in 
c rea se d  by  a p p ro x im a te ly  20%  a m o n g s t  sm o k e rs  o f 
less th a n  o n e  p a c k  o f  c ig a re tte s  a  d a y  a n d  35%  
a m o n g s t  th o se  w h o  sm o k e d  m o re  th a n  o n e  p a c k  a 
d ay . C o n tro ll in g  th ese  sa m e  fa c to rs , it w as fo u n d  th a t
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m a te rn a l  s m o k in g  a lso  h a d  a  s ig n ific a n t, in d e p e n d e n t 
in flu en ce  o n  th e  r isk s  o f  p re m a tu re  d e liv ery , p la c e n ta  
p ra e v ia  a n d  a b ru p tio  p la c e n ta e  a n d  o n  th e  p r o p o r t io n  
o f  b a b ie s  w e ig h in g  less th a n  2-5 kg . M e y e r &  T o n a s c ia  
(lo c . c it.) c a lc u la te d  th a t  b e tw ee n  o n e  th ird  a n d  o n e  
h a lf  o f  th e  in c re a se  in p e r in a ta l  d e a th s  fo u n d  in  th e  
sm o k in g  m o th e r s  c o u ld  b e  a c c o u n te d  fo r by  th e  
sm o k in g -re la te d  in c re ase  in th e se  c o m p lic a tio n s .

A n  a s so c ia t io n  b e tw ee n  m a te rn a l  sm o k in g  an d  
early  fo e ta l d e a th , p a r tic u la r ly  d e a th  c au sed  by  a b ru p 
t io  p la c e n ta e , w as a lso  d e m o n s tra te d  by  G o u ja rd  e t  
al. ( ib id  1978, 130, 738) in  th e ir  su rv e y  o f  9169 b ir th s  
a t a  n u m b e r  o f  P a r is  h o sp ita ls  d u r in g  th e  p e rio d  
1963-69 . B o th  d r in k in g  a n d  sm o k in g  d u r in g  p re g 
n a n cy  w ere  in d e p e n d e n tly  a s so c ia te d  w ith  a n  in 
c reased  ra te  o f  s t i llb ir th , th e  risk  b e in g  ro u g h ly  2-5 
tim es  g re a te r  in  e ac h  case. W h e n  c o n s id e r in g  on ly  
a b ru p tio  p la c e n ta e  as a  c a u se  o f  d e a th , a  s ix -fo ld  risk  
w as a s so c ia te d  w ith  to b a c c o  s m o k in g  a n d  th e re  w as 
a  30-fo ld  risk  fo r w o m e n  w h o  b o th  sm o k e d  d u r in g  
p re g n a n c y  a n d  c o n su m e d  m o re  th a n  45 m l o f  a lc o h o l 
d a ily .

T h e  re su lts  o f  a  p ro sp e c tiv e  s tu d y  o f  53.518 p re g 
n a n c ie s  seen  in  12 U S  h o sp ita ls  b e tw een  1959 a n d  
1966 su g g e s ts  th a t  c ig a re tte  sm o k e  is te ra to g e n ic  
(N aeye . A m . J .  P a th . 1978. 90. 289). D u r in g  th is  
p e r io d , c o n g e n ita l  m a lfo rm a t io n s  w ere  re sp o n s ib le  fo r
9-3°,, o f  a ll th e  p e r in a ta l  d e a th s . A t a ll g e s ta tio n  ages, 
th e re  w as a  s ig n if ic a n tly  h ig h e r  r a te  o f  d e a th  d u e  to  
th is  c a u se  in m o th e r s  w h o  h a d  sm o k e d  b e tw ee n  11 
a n d  20 c ig a re tte s /d a y  d u r in g  th e ir  p re g n a n c y  th a n  in 
th o se  w h o  h a d  sm o k e d  less o r  n o t  a t  all. E ven  w ith  
th is  h u g e  sa m p le  size, n u m b e rs  w ere  in a d e q u a te  fo r 
a n  a n a ly s is  o f  th e  re la tio n s h ip  o f  p o te n tia l  te ra to g e n ic  
fa c to rs  to  spec ific  m a lfo rm a tio n s , w ith  o n e  e x c e p tio n : 
a n  in c id e n ce  o f  a n e n c e p h a ly  o f  1-72/1000 b ir th s  in 
w h ite  su b je c ts  w h o  sm o k e d  w as s ig n if ic a n tly  h ig h e r 
th a n  th e  freq u e n c y  o f  0-10/1000 b i r th s  seen  in  w h ite  
n o n -sm o k e rs . A lth o u g h  o n e  re tro sp e c tiv e  s tu d y  h a d  
su g g ested  a n  a s so c ia t io n  b e tw ee n  c ig a re tte  sm o k in g  
d u r in g  p re g n a n c y  a n d  c o n g e n ita l h e a r t  d ise ase  in  th e  
o ffsp ring , in d e p e n d e n t o f  m a te rn a l  age. p a r ity  a n d  
so c ia l c la ss  (C i te d  in F .C .T . 1973. II. 673). a  n u m b e r  
o f  o th e r  s tu d ie s  h a v e  fa iled  to  sh o w  a n y  link  be tw een  
sm o k in g  a n d  c o n g e n ita l  a b n o rm a li t ie s .  It m u s t be  
re m e m b e re d , h o w e v er, th a t  th e  very  larg e  n u m b e r  o f 
b ir th s  th a t  m u s t  b e  rev iew ed  b e fo re  a n y  so u n d  c o n 
c lu s io n s  c a n  b e  d ra w n  o n  c h a n g e s  in  m a lfo rm a tio n  
in c id e n ce  m a k e s  th is  a  p a r tic u la r ly  d ifficu lt a re a  o f 
s tu d y .

In  sp ite  o f  th e  n u m b e r  o f  r e p o r ts  o f  a n  a s so c ia tio n  
b e tw een  c ig a re tte  sm o k in g  a n d  re d u ce d  b ir th  w eigh t, 
th e re  is s till d e b a te  a s  to  w h e th e r  c ig a re tte s  a re  a  
d ire c t c a u se  o f  th is  c o n d it io n . T h e  view  th a t  th e  
o b se rv e d  a s so c ia tio n  w as o n ly  in d ire c t a n d  th a t  
red u ce d  b ir th  w e ig h t w a s  m o re  a  re flec tio n  o f  p a re n ta l  
lifesty le  th a n  sm o k in g  itse lf  ( C i te d  in F .C .T . 1973, 11, 
671) h a s  rece iv ed  re n ew e d  s u p p o r t  fro m  a  sm a ll s tu d y  
by  A lv e ar &  B ro o k e  (L a n c e t  1 9 7 7 ,1, 1158), w h o  fo u n d  
th a t  in fan ts  b o r n  to  w o m e n  o f  so c ia l c la ss  IV  o r  V 
w h o  h a d  sm o k e d  d u r in g  p re g n a n c y  w ere  c o m p a ra b le  
in  s ize  to  in fan ts  b o rn  to  a n  e q u a l  n u m b e r  o f  n o n 
sm o k in g  w o m e n  (106) o f  th e  sa m e  so c io -e c o n o m ic  
class. T h e  p u b lic a tio n  o f  th is  re su lt  g e n e ra te d  th e  in 
ev itab le  re sp o n se  fro m  th o se  c o n v in c e d  th a t  sm o k in g  
is a  d irec t c a u se  o f  re d u c e d  fo e ta l w eigh t. M u rp h y

e t a l. ( ib id  1977. II, 36) re -s ta te d  th e  c o n c lu s io n s  they  
h a d  d ra w n  from  th e ir  e a r lie r  p u b lish e d  w o rk , nam ely  
th a t  sm o k in g  d u r in g  p re g n a n c y  d id  h a v e  a  s ig n ifican t 
effect o n  th e  size  o f  th e  re su ltin g  fo e tu s in d e p e n d e n t 
o f  th e  effect o f  so c ia l c lass . In  th e ir  m o s t re ce n t s tu d y , 
as y e t u n p u b lis h e d  in  full, a  s im ila r  re su lt  w as ev i
d e n tly  fo u n d . T h e  21 b a b ie s  b o rn  to  sm o k e rs  w eighed
3-26 +  0-36 kg. w h ile  27 b a b ie s  b o rn  to  n o n -sm o k e rs  
w eighed  3-69 ±  0-42 kg , th e  d iffe ren ce  b e in g  s ta t is t i 
ca lly  sig n ifican t. B o th  g ro u p s  w ere  c o n tro lle d  fo r 
age. p a rity , len g th  o f  g e s ta tio n  a n d  so c io -e c o n o m ic  
s ta tu s .

A n  in v e s tig a tio n  o f  th e  o b s te tr ic  h is to ry  o f  o v er 
7600 w o m en  d o c to r s  (A lb e rm a n  e t a l. ib id  1977. II. 
36) a ls o  c o n tra d ic te d  th e  so c ia l c la ss /lifes ty le  th eo ry . 
In  1975 a  q u e s t io n n a ire  w as sen t to  a ll w o m en  w h o  
w ere  o n  th e  M e d ica l R e g is te r  a n d  h a d  q u a lified  since 
1950: a lm o s t  th re e  q u a r te r s  o f  th o se  c o n ta c te d  res
p o n d e d . A t 3-41 kg. th e  a v e ra g e  w e ig h t o f  th e  6004 
in fa n ts  b o rn  to  th e  m o th e rs  w h o  h a d  n o t  sm o k e d  
w as s ig n ifican tly  h ig h e r  th a n  th e  3-33 kg  re c o rd e d  for 
th e  1528 in fa n ts  o f  m o th e r s  w h o  h a d  sm o k e d  d u r in g  
th e ir  p re g n a n c y . B o th  g ro u p s  w o u ld  h av e  b e en  very  
s im ila r  in  in co m e  a n d  e d u c a tio n .

T h e  a c c u m u la tin g  e p id e m io lo g ic a l e v id e n ce  a g a in s t 
sm o k in g  in p re g n a n c y  is a lso  b e in g  su p p le m e n te d  by 
c lin ica l d a ta . S p ira  e t a l. (B io m e d ic in e  1977. 27. 266) 
s tu d ie d  th e  p a th o lo g y  o f  th e  p la c e n ta s  o f 248 w o m en  
w h o  h a d  sm o k e d  a t  least five c ig a re tte s  a  d a y  d u r in g  
p re g n an c y , a n d  o f 196 n o n -sm o k in g  c o n tro ls . T h e re  
w ere  n o  sig n ifican t d iffe ren ces  in  th e  p la c e n ta s  o f  the  
tw o  g ro u p s  o n  m a c ro sc o p ic  o b se rv a tio n , b u t  w hen  
e x a m in e d  m ic ro sc o p ica lly , th e  p la c e n ta s  o f  sm o k e rs  
sh o w e d  a  s ig n ifican tly  h ig h e r  freq u e n c y  o f  t r o p h o b la s t  
a b n o rm a li ty  a n d  e sp ec ia lly  o f  n u c le a r  c lu m p s  in th e  
s y n c y t io tro p h o b la s i.  O n ly  6°„ o f  th e  p la c e n ta s  ta k e n  
fro m  n o n -sm o k e rs  sh o w e d  an y  fe a tu re s  th a t  c o u ld  be 
c o n s id e re d  in d ic a tiv e  o f  h y p o x ia , a  p ro p o r t io n  signifi
c a n tly  lo w e r th a n  th e  16°n in c id e n ce  a m o n g s t th e  p la 
c e n ta s  o f  sm o k e rs . P la c e n ta l w e ig h ts  o f  b o th  g ro u p s  
w ere  c o m p a ra b le , in sp ite  o f  th e  lo w e r w eigh ts  o f  th e  
fo e tu ses fro m  sm o k in g  m o th e rs .  F u r th e rm o re ,  th e  foe
ta l w eigh t sh o w e d  n o  d ire c t re la tio n  to  th e  p re sen c e  
o r  a b se n c e  o f  sig n s o f  h y p o x ia . T h e  a u th o r s  c o n 
s id e red  th a t  th e  in tra -u te r in e  h y p o x ia  w ith in  th e  
sm o k in g  g ro u p  c o u ld  e x p la in  th e  in c re ased  r isk  o f  
p la c e n ta  p ra e v ia , a b ru p tio  p la c e n ta e  a n d  p e r in a ta l  
d e a th  p re v io u s ly  o b se rv e d  a m o n g s t sm o k e rs . O n  th e  
o th e r  h a n d  th ey  su g g g e ste d  th a t  th e  re d u c e d  b ir th  
w eigh t m ig h t reflect a  fu n c tio n a l d iso rd e r  w ith in  th e  
p lac en ta .

T o  a d d  to  th is  sa d  ta le , so m e  e x p e r im e n ts  sh o w in g  
th a t  p la c e n ta l  m ic ro so m e s  o f  sm o k e rs  h a d  a  g re a te r  
a b ility  to  m e ta b o liz e  b e n z o [u ]p y re n e  th a n  h a d  th o se  
o f  n o n -sm o k e rs  led W a n g  e t  a l. ( L i fe  Sci-. 1977, 20. 
1265) to  su g g est th a t  m a te rn a l  sm o k in g  d u r in g  p reg 
n a n c y  m ig h t in c re ase  th e  su sc e p tib ility  o f  th e  off
sp r in g  to  c a n c e r  a fte r b ir th . P la c e n ta l  m ic ro so m e s  
fro m  te n  o f  11 n o n -sm o k e rs  d id  n o t  m e ta b o liz e  b e n - 
z o [ a ]p y re n e  in  v itr o  sig n ifican tly . T h e  m ic ro so m a l 
f ra c tio n  o f  th e  p la c e n ta  o f  six sm o k e rs , by  c o n tra s t,  
m e ta b o liz e d  th is  p o ly cy c lic  a ro m a tic  h y d ro c a rb o n  to  
a  n u m b e r  o f  m e ta b o lite s , so m e  o f  w h ic h  m ay  b e  c a r 
c in o g e n ic . H o w ev er, th e  to ta l  q u a n ti ty  o f  m e ta b o li te s  
sh o w ed  n o  c le a r  re la t io n s h ip  to  th e  n u m b e r  o f  c ig a r
e tte s  sm o k e d , a n d  th e re  a p p e a rs  to  b e  n o  d ire c t ev i



174 Articles of general interest— Fd Cosmet. Toxicol. Vol. 17. no. 2

d en ce  th a t  sm o k in g  in p re g n a n c y  in c re ases  th e  in c i
d e n ce  o f c a n c e r  in th e  o ffsp ring .

In  an  e a r l ie r  rev iew  (Cited in F.C.T. 1975. 13. 381} 
we m e n tio n e d  a  s tu d y  in w h ich  sig n ifican t d ifferences 
in h e ig h t a n d  re a d in g  a b ility  w ere  fo u n d  be tw een  th e
7 -y e a r-o ld  c h ild re n  o f  sm o k e rs  a n d  n o n -sm o k e rs . A 
sm all p ro sp e c tiv e  s tu d y  c o n d u c te d  in th e  U S A , in 
v o lv in g  325 c h ild re n  in  a ll. h a s  n o w  p ro d u c e d  s im ila r  
fin d in g s (D u n n  &  M c B u rn e y , Pediatrics, Springfield 
1977, 60, 772). W h e n  6-5 y e ars  o ld , th e  c h ild re n  o f  
n o n -sm o k e rs  h a d  a  s lig h tly  g re a te r  av erag e  h e ig h t an d  
w eigh t a n d  p e rfo rm e d  b e tte r  in p sy c h o lo g ic a l tes ts  
th a n  d id  th o se  o f  sm o k e rs . V a r ia t io n s  in so c ia l c lass 
b e tw een  th e  tw o  g ro u p s  c o u ld  on ly  p a rtia lly  a c c o u n t 
fo r th e  o b se rv e d  d ifferences.

In e p id e m io lo g y , o th e r  th in g s  b e in g  e q u a l, th e  
la rg e r  th e  sa m p le  size th e  m o re  s ig n ifican t is th e  
s tu d y . A n u m b e r  o f  e n v iro n m e n ta l  fa c to rs  m ay  h ave  
a  d e tr im e n ta l  effect o n  th e  c o u rse  o f  a  p re g n an c y , 
so  la rg e  sa m p le s  a re  e sse n tia l fo r  u n ra v e llin g  th e  effect 
o f  a  sing le  p a ra m e te r .  T h e  p ro b le m s  in h e re n t in c o n s i

d e r in g  o n ly  a  sm all sa m p le  can  be  d e m o n s tra te d  by 
th e  d a ta  o f  A lb e rm a n  t t  a l. ( lo c . c it.) If th e  sm a ll 
su b -g ro u p  o f  m o th e rs  w h o  h a d  h a d  th re e  p re g n a n c ie s  
a re  c o n s id e re d  a lo n e , th e  a v e ra g e  w e ig h t o f  th e  n o n -  
sm o k e rs ’ o ffsp rin g  w as 3-47 k g  (439 c h ild re n )  w h e re a s  
th e  a v e ra g e  w eigh t o f  th e  109 in fa n ts  b o rn  to  th e  
sm o k e rs  w as 3-55 kg  (109 c h ild re n ) : th e  o v e ra ll  f in d 
ings o f  th e  s tu d y  w ere  th e re fo re  n o t  d e m o n s tra te d  by 
th is  sm a ll sam ple .

C u r re n t  re sea rc h  c o n c e rn e d  w ith  th e  h e a lth  o f  th e  
passiv e  sm o k e r, o f w hich  th e  fo e tu s is su re ly  a  p rim e  
ex am p le , is su g g e stin g  th e  n eed  fo r e d u c a tio n  on  th e  
b ro a d e r  effects o f  sm o k in g . T h e  s tu d ie s  rev iew ed  
a b o v e  lend  fu r th e r  su p p o r t  to  th e  c o n te n t io n  th a t  a 
m o th e r  w h o  sm o k e s  m ay  b e  se rio u sly  je o p a rd iz in g  
h e r u n b o rn  c h ild , a n d  a  fo rcefu l c a m p a ig n  to  in fo rm  
th o se  d ire c tly  in v o lv e d  o f  th e  p o ss ib le  a d v e rse  effects 
o f  sm o k in g  in th is  c o n te x t  d o e s  seem  to  be  w a rra n te d .

[J . H o p k in s— B IB R A ]
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C O L O U R I N G  M A T T E R S

Dietary fibre—food for dyes?

E rshoff, B. H . (1977). E ffects o f  d ie t o n  g ro w th  a n d  
su rv iv a l o f  r a ts  fed to x ic  levels o f  ta r t r a z in e  (F D  &  
C  Y e llo w  N o . 5) an d  S u n se t Y e llo w  F C F  (F D  &  C  
Y e llo w  N o . 6). J .  N u tr . 107, 822.

T h e  c a p a c ity  o f  p la n t  fib re  to  p ro te c t  e x p e r im e n ta l 
a n im a ls  fro m  th e  to x ic ity  sh o w n  by  c e r ta in  ch em ica ls  
a n d  fo o d  a d d itiv e s  w h en  fed w ith  a  p u rified  d ie t is 
n o w  fairly  w ell d o c u m e n te d . P re v io u s  find ings in c lu d e  
a  p ro te c tiv e  ro le  a g a in s t th e  to x ic ity  o f  a m a ra n th  (F D  
&  C  R e d  N o . 2) fed a t  a  5%  level in  a  p u rif ie d  d ie t 
(C ite d  in  F .C .T . 1975, 13, 581) a n d  o f  so d iu m  cycla- 
m a te  a n d  p o ly o x y e th y le n e  s o rb i ta n  m o n o s te a ra te  a t 
5 a n d  15% levels re sp ec tiv e ly  in  lo w -fib re  d ie ts  ( ib id  
1976, 14, 365).

T h e  p ro te c tiv e  effect o f  d ie ta ry  fib re  h a s  n o w  b e e n  
d e m o n s tra te d  fo llo w in g  a d m in is t r a t io n  o f  th e  w a te r-  
so lu b le  a zo  d yes, ta r t r a z in e  (F D  &  C  Y ellow  N o . 5) 
a n d  S u n se t Y ellow  F C F  (F D  &  C  Y ellow  N o . 6). 
Im m a tu re  m a le  r a ts  fed e ith e r  d y e  a t  a  5%  level in  
a  s to c k  d ie t b a se d  o n  c o m m o n  feed in g red ien ts  
sh o w e d  n o  g ro ss ly  o b se rv a b le  to x ic  effects, b u t  w ith in  
a  14-day e x p e r im e n ta l p e r io d  m a rk e d  g ro w th  r e ta r d a 
t io n , p o o r  fu r a n d  d e a th  o f  50%  o r  m o re  a n im a ls  
re su lte d  w h e n  th ese  levels w ere  in c o rp o ra te d  in  a  
p u rified  d ie t (66%  su c ro se , 24%  case in , 5%  sa lt  m ix 
tu re , 5%  c o tto n -se e d  o il a n d  v itam in s).

L ittle  if  an y  p ro te c tiv e  effect re su lte d  fro m  su p p le 

m e n ta tio n  o f  th e  p u rif ie d  d ie t  w ith  a d d it io n a l  v i ta 
m in s , 2-5% sa lt  m ix tu re , 5%  c o tto n -se e d  o il a n d  10% 
casein , e ith e r  s ing ly  o r  c o m b in e d , o r  w ith  10%  d e sic 
c a te d  w h o le  liver. C e llu lo se  at th e  2-5, 5 a n d  10% 
levels w as w ith o u t effect w h e n  in c o rp o ra te d  in to  th e  
p u rif ie d  d ie t c o n ta in in g  5%  ta r tra z in e , a lth o u g h  it d id  
h a v e  a  sm a ll b u t  s ig n if ic a n t effect in  th e  p u rified  d ie t 
w ith  5%  S u n se t Y e llo w  F C F .

H o w ev er, th e  to x ic  effects o f  S u n se t Y ellow  F C F  
a t  th e  5%  level in  p u rif ie d  d ie t w ere c o m p le te ly  c o u n 
te ra c te d  by  c o n c u rre n t  a d m in is t r a t io n  o f  a  10%  level 
o f  b lo n d  p sy lliu m -seed  p o w d e r  o r  c a r ro t - ro o t  p o w d e r  
a n d  w ere  c o u n te ra c te d  to  a  s lig h tly  less m a rk e d  
d e g ree  b y  a  10%  level o f  a lfa lfa  lea f  m e a l o r  w h ea t 
b ra n . A ll fo u r o f  th e se  f ib re -c o n ta in in g  su p p le m e n ts  
la rg e ly  c o u n te ra c te d  th e  to x ic  effects o f  ta r t r a z in e  a t 
a  5%  level in  th e  p u rif ie d  d ie t.

T h e  facto r(s) in v o lv e d  a n d  th e  p o ss ib le  m e c h a n ism  
o f  a c tio n  a re  as y e t u n k n o w n . I t  h a s  b e e n  su g g e ste d  
th a t  th e  p ro te c tiv e  effect o f  d ie ta ry  fib res is p ro b a b ly  
d u e  to  th e ir  p h y sic o -c h e m ic a l p ro p e r t ie s  r a th e r  th a n  
to  th e ir  c h em ica l c o n te n t ,  a n d  fu r th e r , in v iew  o f  th e  
p o o r  p ro te c tio n  a ffo rd e d  by  cellu lose , th a t  h em ice llu - 
lo se  a n d /o r  o th e r  p la n t  in g re d ie n ts  p la y  th e  m a jo r  
ro le . T h e  b in d in g  o f  th e  fo o d  c o lo u r in g s  o r  th e ir  
m e ta b o lite s , w ith  c o n se q u e n t in h ib i t io n  o f  a b s o rp t io n ,  
is o n e  p o ss ib le  m e c h a n ism , p a r tic u la r ly  in  v iew  o f  th e  
a n io n -e x c h a n g e  a c tiv ity  o f  th e  su p p le m e n ts  te s te d , b u t 
it is p o in te d  o u t  th a t  th e  p re v e n tio n  o f  a d v e rse  effects 
o f  th e  c o lo u r in g  o n  th e  d ig es tiv e  p ro c esses  o r  th e  gu t 
b a c te r ia  c a n n o t b e  e x c lu d ed .

F L A V O U R IN G S , S O L V E N T S  A N D  S W E E T E N E R S

Eugenol plays on the nerves

K o z am , G . (1977). T h e  effect o f  e u g en o l o n  n e rv e  
tra n s m iss io n . O r a l S u r g . 44, 799.

E u g e n o l is th e  m a in  c o n s titu e n t  o f  e sse n tia l o ils  
su c h  as o il o f  c love , c lo v e  s te m  a n d  leaf, p im e n ta  
b e rry  a n d  leaf, b a y  a n d  c in n a m o n  leaf. I t  a lso  o c c u rs  
in  sm a lle r  q u a n ti t ie s  in  m a n y  o th e r  o ils . T h e  c o m 
p o u n d  h a s  b e e n  u sed  as a  f ra g ra n c e  a n d  is a ls o  used  
w idely  in  d e n ta l  p ra c tic e  as a  d is in fe c ta n t in  ro o t-  
c an a l p ro c e d u re s  a n d  as a  lo ca l a n o d y n e  in  th e  re lie f 
o f  h y p e ra e m ic  a n d  in fla m ed  p u lp . A n u m b e r  o f  p r o b 
lem s h a v e  a r is e n  fro m  th e  d e n ta l  use  o f  e u g en o l. 
W a e rh a u g  &  L o e  (O ra l S u rg . 1957, 10, 923) o b se rv ed  
a  n e c ro tic  r e a c tio n  u n d e r  e u g en o l g in g iv a l p ack s , 
w h ils t G u g la n i  &  A llen  (J . P e r io d o n t. 1965, 36 , 279) 
o b se rv e d  su b c u ta n e o u s  in f la m m a tio n  re su ltin g  fro m  
p e r io d o n ta l  p a c k  im p la n ts . I n  a d d it io n , th e  c o m 
p o u n d  h a s  b e e n  sh o w n  to  p o ssess a lle rg e n ic  p r o p e r 
ties (K o c h  e t  a l. O d o n t. R e v y . 1971, 22, 275; id em , 
ib id  1973, 24, 109). T h e  a b o v e -c ite d  s tu d y  e x am in es  
th e  effects o f  e u g e n o l o n  n e rv e  tra n sm iss io n , a n d  it

is su g g e ste d  th a t  th e  ty p e  o f  te s t u sed  m a y  b e  th e  
m o s t a p p ro p r ia te  fo r te s tin g  e n d o d o n tic  m e d ic a tio n s .

F ro g  sc ia tic  n e rv e  w as e x p o se d  to  v a ry in g  c o n c e n 
t ra t io n s  (0-005 100%) o f  e u g en o l a n d  th e  o sc illo sc o p ic  
fin d in g s  o f  th e  effects w ere  m e a su re d , p h o to g ra p h e d  
a n d  re c o rd e d  o v e r a  3 -h r p e r io d . F o u r  e x p e rim e n ts  
w ere  c o n d u c te d  fo r e ac h  c o n c e n tra t io n  o f  eu g en o l 
te s te d . S ix  c o n tro l  ru n s  w ere  m a d e  w ith  o il o f  sw eet 
a lm o n d  b e fo re  th e  e x p e r im e n ta l se ries  w as in itia te d  
a n d  fo u r  m o re  w ere  c a r r ie d  o u t  d u r in g  th e  e x p e r im e n 
ta l  p ro g ra m m e .

E u g e n o l c o n c e n tra t io n s  b e tw e e n  100 a n d  0 1 %  h ad  
a  d e fin ite  b lo c k in g  effect o n  th e  tra n s m is s io n  o f  
ev o k ed  im p u lse s  in  n e rv e  tissu e . C o n c e n tra t io n s  o f  
100, 50 a n d  25%  h a d  a b o u t  th e  sa m e  effectiveness, 
w h ils t lo w e r c o n c e n tra t io n s  h a d  less effect an d  
sh o w e d  a  d ire c t d o s e - re s p o n s e  re la tio n s h ip . T h e  tim e  
re q u ire d  fo r th e  a c tio n  p o te n t ia l  to  b e  ex tin g u ish e d  
in c re a se d  p ro g ress iv e ly  as th e  c o n c e n tra t io n  w as 
re d u c e d  fro m  25 to  0 0 5 % . T es ts  c o n d u c te d  w ith  
0 0 0 5 %  p ro d u c e d  n e ith e r  r e d u c t io n  in  a m p litu d e  n o r  
c h an g e s  in  c o n f ig u ra tio n  o f  th e  c o m p o u n d  a c tio n  
p o te n tia l .  N o  re co v e ry  o f  a n y  a m p li tu d e  lo w ered  o r
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e x tin g u ish e d  by e u g en o l w as ev er n o te d  in  th e  3 -hr 
o b se rv a tio n  p e r io d , a lth o u g h  th e  p o ss ib ility  th a t  re 
c o v ery  m ig h t h av e  o c c u rre d  a t a  la te r  tim e  c o u ld  n o t 
b e  e x c lu d ed .

T h e  a u th o r  c o n s id e rs  th a t  th e re  is n o w  a d e q u a te  
ev id e n ce  to  in d ic a te  th a t  e u g en o l c a n  h a v e  to x ic  
effects w h e n  u sed  im p ro p e r ly  fo r e n d o d o n tic  th e ra p y . 
T h is  w o u ld  b e  e sp ec ia lly  so  a t  c o n c e n tra t io n s  th a t  
a re  c u r re n tly  a v a ila b le  c o m m e rc ia lly  (9 0 -100% ) an d  
c a u tio n  in  use  is th e re fo re  re c o m m e n d e d .

A s p a r ta m e  an d  th e  b lood

S te g in k , L. D ., F ile r , L . J„  J r .  &  B aker, G . L. (1977). 
E ffect o f  a s p a r ta m e  a n d  a s p a r ta te  lo a d in g  u p o n  
p la s m a  a n d  e ry th ro c y te  free a m in o  ac id  levels in  n o r 
m a l a d u lt  v o lu n te e rs . J. Nutr. 107, 1837.

A s p a r ta m e  (L -asp a rty l-L -p h en y la la n y l m e th y l ester), 
w h ich  h a s  a  sw ee ten in g  p o te n t ia l  so m e  200 t im e s  th a t  
o f  su c ro se , h as b e e n  su g g e ste d  as a  lo w -c a lo rie  sw e e t
e n e r  fo r fo o d s (Food Chemical News 1973, 14 (49), 14). 
I t h as b e e n  r e p o r te d  n o t  to  affect th e  m e ta b o lism  o f  
p h e n y la la n in e  in  m o n k e y s  (Cited in F.C.T. 1974, 12, 
778) a n d  to  b e  w ell to le ra te d  by  m ild ly  affected  
p h e n y lk e to n u r ic  a d o le sc e n ts  (ibid 1978, 16, 77).

In  s tu d ie s  o f  th e  effect o f  s in g le  lo a d in g  d o se s  o f  
a s p a r ta m e  a n d  a s p a r ta te  o n  th e  a m in o  a c id  c o m p o s i
t io n  o f  b lo o d , 12 h e a lth y  a d u lts  w ere  g iven , in  o ra n g e  
ju ic e , 34 m g  a s p a r ta m e /k g  a n d  a n  e q u im o la r  d o se  o f  
13 m g  a s p a r ta te /k g  in  a  c ro sso v e r  tr ia l, a n d  p la s m a  
a n d  e ry th ro c y te  a m in o  ac id s  w ere  d e te rm in e d  a t in 
te rv a ls  fro m  0-25 to  24 h r  a fte r in g e s tio n  o f  th e  d ose . 
N e ith e r  a sp a r ta m e  n o r  a s p a r ta te  p ro d u c e d  an y  
c h an g e  in  th e  a s p a r ta te  levels in  p la s m a  a n d  e ry th ro 
cy tes. A s p a r ta m e  in c re ased  p la s m a -  a n d  e ry th ro c y te -  
p h e n y la la n in e  c o n c e n tra t io n s  to  p e a k  v a lu es o f 
1 IT  ¿ u n o l/lO O m l a n d  7-21 /¿ m o l/1 0 0 g  re sp ec tiv e ly  
a fte r  3 0 -6 0  m in . T h e  v a lu e s  re tu rn e d  to  b a se lin e  
w ith in  4 -8  h r. A s p a r ta te  re d u c e d  p la s m a  c o n c e n 
tra t io n s  o f  p h e n y la la n in e  slig h tly . P la sm a - ty ro s in e  
levels, in d ic a tin g  th e  d e g ree  o f  c o n v e rs io n  o f  p h e n y l
a la n in e , in c re a se d  slig h tly  a f te r  a s p a r ta m e  in g es tio n  
a n d  d e c re ased  slig h tly  a fte r a s p a r ta te .  T h e  find ings 
suggest th a t ,  as p re v io u s ly  in d ic a te d  (ibid 1978, 16, 
293), a sp a r ta m e  is re ad ily  m e ta b o liz e d  in  m a n , w ith  
ra p id  e l im in a tio n  o f  its m e ta b o lite s .  T h e  d a ta  
re p o r te d  a re  c o n s is te n t w ith  th o se  d e r iv e d  fro m  m o re  
p ro lo n g e d  a d m in is t r a t io n  o f  th e  sw e e te n e r to  h e a lth y  
su b je c ts  (F re y , J. Toxicol, envir. Filth 1976, 2, 401) 
a n d  o th e rs  (Cited in F.C.T. 1978, 16, 77; S te rn  et al. 
J. Toxicol, envir. Hlth 1976, 2 , 429).

S a c ch a rin  e x c re tio n

G o ld s te in , R. S., H o o k , J. B. &  B o n d , J. T . (1978). 
R en a l tu b u la r  t r a n s p o r t  o f  sa c c h a r in . J. Pharmac. exp. 
Ther. 204, 690.

C o n s id e ra b le  a t te n tio n  h as b e e n  g iv en  to  th e  c o n 
c e rn  fo r th e  sa fe ty  o f  sa c c h a r in  a n d  to  th e  r e c o m m e n 
d a tio n s  fo r fu r th e r  re se a rc h  to  e lu c id a te  its p o te n t ia l  
ro le  as a  b la d d e r  c a rc in o g e n  (Food Chemical News 
1977, 19 (9), 2 ; ibid 1978, 19 (46), 65). S a c c h a r in  is 
r a p id ly  e x c re te d  fro m  th e  b o d y , a n d  th e  a c tu a l m e c h 
a n ism  o f  re n a l  t r a n s p o r t  h as n o w  b e e n  ex am in ed  in 
th e  fem ale  ra t,  b o th  in vitro u s in g  re n a l  c o r tic a l  slices 
a n d  in vivo u s in g  re n a l c lea ran ce .

I n c u b a t io n  o f  re n a l  c o r tic a l  slices w ith  s a c c h a r in  
d e m o n s tra te d  th a t  sa c c h a r in  a c c u m u la tio n  d e p e n d s  
u p o n  th e  c o n c e n tra t io n . A t c o n c e n tra t io n s  g re a te r  
th a n  10“4 m  th e re  w as a  p ro g re ss iv e  d e c re a se  in  th e  
a c c u m u la tio n , su g g e stin g  th a t  s a c c h a r in  w as b e in g  
a c c u m u la te d  a g a in s t a  c o n c e n tra t io n  g ra d ie n t  in  a 
s a tu ra b le  sy s tem . T h ese  o b se rv a tio n s , to g e th e r  w ith  
th e  d e p e n d e n c e  o f  th e  sy s tem  u p o n  th e  p re sen c e  o f  
o x y g en , led  to  th e  c o n c lu s io n  th a t  u p ta k e  o f  s a c c h a r in  
is a n  a c tiv e  t r a n s p o r t  system . O th e r  c h a ra c te ris tic s  
d e m o n s tra te d  w ere  a  re d u c tio n  in  a c c u m u la tio n  in 
th e  p re se n c e  o f  m e ta b o lic  in h ib ito rs  (2 ,4 -d in itro -  
p h e n o l, a n  u n c o u p lin g  a g e n t fo r o x id a tiv e  p h o s p h o ry 
la tio n , a n d  so d iu m  azide, a  re sp ira to ry -e n z y m e  in h ib i
to r)  a n d  o f  p - a m in o h ip p u ra te  (P A H ) a n d  p ro b e n e c id . 
U p ta k e  w as s t im u la te d  by a d d it io n  o f  a c e ta te  an d  
la c ta te  to  th e  in c u b a t io n  m ed iu m , b u t  d e c re a se d  by 
re d u c in g  th e  a m o u n t  o f  a v a ila b le  p o ta s s iu m .

T h e  a u th o rs  p o s tu la te d  fro m  th e se  o b se rv a tio n s  
th a t  sa c c h a r in  t r a n s p o r t  m ig h t w ell s h a re  th e  sa m e  
b io c h e m ic a l re q u ire m e n ts  as P A H , a n d  fo u n d  th a t  in 
d e ed  sa c c h a r in  p ro d u c e d  a  d o se -re la te d  d e p re s s io n  o f  
■PAH a c c u m u la tio n  a n d  vice versa, in d ic a tin g  a  c o m 
p e titiv e  u p ta k e  by a  c o m m o n  t r a n s p o r t  sy s tem . H o w 
ever, a n  u n e x p la in e d  fin d in g  w as th e  n o n -d o se -re la te d  
d e p ress iv e  effect o f  sa c c h a r in  o n  a c c u m u la tio n  o f  th e  
o rg a n ic  b a se  N -m e th y ln ic o tin a m id e .

R e n a l-c le a ra n c e  e x p e r im e n ts  fo llo w in g  v e n o u s  in fu 
s io n  o f  in u lin  (to  p ro v id e  a  m e a su re  o f  th e  g lo m e ru la r  
f i l t ra tio n  ra te )  in d ic a te d  th a t  th e  p r im a ry  ro u te  o f  
re n a l  e lim in a tio n  o f  sa c c h a r in  is ac tiv e  tu b u la r  se 
c re tio n . T h is  a g a in  is s im ila r  to  th e  fin d in g s  w ith  
P A H , e n h a n c in g  th e  a u th o r s ’ b e lie f  th a t  b o th  c o m 
p o u n d s  s h a re  a  c o m m o n  t r a n s p o r t  system .

A G R IC U L T U R A L  C H E M IC A L S

A c le an  sh e e t fo r d ie ld rin  h an d le rs

V a n  R a a lte , H . G . S. (1977). H u m a n  e x p e rien c e  w ith  
d ie ld r in  in p e rsp ec tiv e . Ecotoxicol. envir. Safety 1, 203.

O p in io n s  v a ry  w idely  o n  th e  e x te n t to  w h ich  
o rg a n o c h lo r in e  p e s tic id es  m ay  re p re se n t  a  th r e a t  to  
p u b lic  h e a lth , a n d  a n y  p o te n tia l  r isk  h a s  to  b e  
w eighed  a g a in s t th e  c o n s id e ra b le  b en efits  o ffered  by 
th is  g ro u p  o f  c o m p o u n d s . W h ile  a rg u m e n ts  c o n tin u e

o n  th e  p o ss ib le  s ig n ifican ce  o f  so m e  o f  th e  effects 
d e m o n s tra te d  in  a n im a ls , v ig ilan ce  is n e ce ssa ry  to  
e n su re  th a t  an y  a d v e rse  effect in d u ce d  in  m a n  is 
p ro m p tly  d e te c te d . In  th is  c o n n e x io n , th e  re g u la r  
o b se rv a tio n  o f  w o rk e rs  h a n d lin g  su c h  p e s tic id es  is o f  
m a jo r  im p o rta n c e .

T h e  fo llo w -u p  re su lts  o f  a  lo n g - te rm  D u tc h  s tu d y  
o f  in d u s tr ia l  w o rk e rs  h a n d lin g  a ld r in  a n d  d ie ld r in  
h a v e  b e e n  re v ie w e d  a g a in s t a  b a c k g ro u n d  o f  a n im a l 
s tu d ie s , in c lu d in g  th o se  d e m o n s tra t in g  th e  in d u c tio n
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o f  h e p a tic  c a rc in o m a s  in  m ice  b u t  n o t  in  o th e r  e x p e ri
m e n ta l a n im a ls  a n d  th e  s im ila r ity  b e tw e e n  liv er re 
sp o n se s  to  d ie ld r in  a n d  to  p h e n o b a rb i to n e .  D u r in g  
th e  p e r io d  1954-67 , th e re  w ere  32 in s ta n c e s  o f  c lin ica l 
in to x ic a tio n  in v o lv in g  d ie ld r in  a t th e  in sec tic id e  
m a n u fa c tu r in g  a n d  fo rm u la tio n  p la n ts  a t P e rn is ;  19 
o f  th e se  p a tie n ts  h a d  c o n v u ls io n s . T h e  a v e ra g e  b lo o d  
c o n c e n tra t io n  o f  d ie ld r in  w h e n  c o n v u ls io n s  o c c u rre d  
w as 2 8 0 -2 9 0  p p b  (b  =  109) a n d  n o  case  o f  c o n v u l
s io n s  w as a s so c ia te d  w ith  b lo o d  levels o f  d ie ld r in  
b e lo w  200 p p b . In  so m e  a p p a re n tly  h e a lth y  w o rk e rs , 
h o w ev er, b lo o d -d ie ld r in  c o n c e n tra t io n s  ex ceed in g  
400  p p b  w ere  d e te c te d . T h e  no-effec t b lo o d  level o f  
d ie ld r in  in  233 m e n  w as e s ta b lish e d  a t 200 p p b , w h ich  
c o rre sp o n d e d  to  a  lo n g - te rm  in ta k e  o f  33 p g /k g /d a y . N o  
sig n s o f  m ic ro so m a l-e n z y m e  in d u c tio n  b y  d ie ld r in  
w ere  d e m o n s tra te d  b y  m e a su re m e n ts  o f  th e  b lo o d  
c o n c e n tra t io n s  o f  D D E , th e  r a t io  o f  6-/J-h y d ro x y co rti-  
so l to  1 7 -h y d ro x y c o r tic o s te ro id s  in  th e  u r in e  a n d  th e  
u r in a ry  e x c re tio n  o f  D -g lu caric  ac id . T h e re  w as no  
ev id e n ce  o f  a n  excess in c id e n ce  o f  tu m o u rs  a m o n g  
th e  P e rn is  w o rk e rs , a n d  n o  to x ic  c h an g e s  su g g e stin g  
th e  l ik e lih o o d  o f  a  la te r  d e v e lo p m e n t o f  tu m o u rs  w ere  
d e te c te d .

E th y le n e  th io u re a , a  m ix e d  m u ta g e n ic  p ic tu re

S c h iip b a c h , M . &  H u m m le r , H . (1977). A c o m p a ra tiv e  
s tu d y  o n  th e  m u ta g e n ic ity  o f  e th y le n e th io u re a  in  b a c 
te r ia l  a n d  m a m m a lia n  te s t sy s te m s. Mutation Res. 56, 
111.

T e ra m o to , S., M o riy a , M ., K a to , K ., T e z u k a , H ., 
N a k a m u ra ,  S., S h in g u , A. &  S h ira su , Y. (1977). M u ta 
g en ic ity  te s tin g  o n  e th y le n e th io u re a . Mutation Res. 
56, 121.

E th y le n e  th io u re a  (E T U ) is a  d e c o m p o s it io n  p r o 
d u c t o f  e th y le n e -b is (d ith io c a rb a m a te )  b io c id e s  a n d  
h as b e e n  sh o w n  to  b e  m u ta g e n ic  in  b a c te r ia  (Cited 
in F.C.T. 1975, 13, 398) a n d  te ra to g e n ic  in  r a ts  (ibid 
1973, 11, 702 &  419).

In  th e  firs t p a p e r  c ite d  a b o v e , E T L T (20 m g  o r  m o re /  
p la te ) is r e p o r te d  to  h av e  p ro d u c e d  a  s ig n if ic a n t an d  
d o se -d e p e n d e n t in c re ase  in  p ro to tro p h ic  re v e r ta n ts  o f  
Salmonella typhimurium s t r a in  T A 1 5 3 0  in  a g a r  c u ltu re , 
b u t  w as ineffective  in  s tra in s  re v e r te d  by  fram esh ift 
m u ta g e n s . T h e  a b ility  o f  E T U  to  in d u c e  m u ta t io n s  
o f  th e  b a se -p a ir  s u b s ti tu t io n  ty p e  w as a lso  d e m o n 
s tra te d  in  a  h o s t-m e d ia te d  assay  in  m ice, b u t  on ly  
w ith  a  d o se  o f  6 0 0 0 m g /k g  in  a  s t r a in  la c k in g  a  fully 
ac tiv e  r e p a ir  sy s tem . T h is  d o se  c au sed  a  s lig h t 
(2-37-fold) b u t  s ig n ific a n t in c re ase  in  re v e rs io n  fre
q u e n cy . In  a  m ic ro n u c le u s  te s t (Cited in F.C.T. 1977, 
15, 646) in  m ice , tw o  o ra l  d o se s  e ac h  o f  6000  m g 
E T U /k g  h a d  n o  s ig n ifican t effect o n  b o n e -m a rro w  
e ry th ro c y te s , a n d  s in g le  o ra l d o se s  o f  5 0 0 -3 5 0 0  m g 
E T U /k g  g iven  to  m a le  m ice  fa iled  to  p ro d u c e  an y  
re su lts  th a t  w ere  c o n s id e re d  to  reflect a  d o m in a n t-  
le th a l effect.

T h ese  re su lts , a lth o u g h  indec isive , w ere  to  so m e  
e x te n t  su p p o r te d  b y  th e  w o rk  o u tlin e d  in  th e  se c o n d  
p a p e r  c ited . N o  g ro w th  in h ib it io n  o c c u rre d  in  Bacillus 
subtilis s tra in s  o f  H 1 7  R e c + o r  M 4 5  R e c '  d u r in g  
ex p o su re  to  E T U  in  c o n c e n tra t io n s  o f  2 0 -4 0 0 0  p g /  
p la te . R e v e rs io n  a ssay s u s in g  Escherichia coli W P 2

a n d  five s tra in s  o f  S. typhimurium a g a in  in d ic a te d  th a t  
E T U  w as a  w eak  b a se -p a ir  m u ta g e n , in d u c in g  rev erse  
m u ta t io n s  in  T A 1 5 3 5  a t c o n c e n tra t io n s  o f  5000 pg/ 
p la te  o r  m o re ;  w ith  20 m g  E T U /p la te  th e re  w as a  
fo u r-fo ld  in crease , b u t  T A 1 0 0  w as u n a ffec ted  ev en  a t 
th is  level. A h o s t-m e d ia te d  assay  in  r a ts  an d  m ice  
sh o w ed  n o  in c re ase  in  m u ta t io n  freq u e n c y  in  S. typhi
murium G 4 6 , w h ereas  n itro s o d im e th y la m in e  u se d  as 
a  p o s itiv e  c o n tro l  sh o w e d  h ig h  m u ta g e n ic ity , p a r t ic u 
la rly  in  m ice. C y to g e n e tic  s tu d ie s  o f  E T U  in  C h in ese  
h a m s te r  D o n  cells a n d  ra t  b o n e -m a rro w  cells d e m o n 
s tra te d  n o  m u ta g e n ic ity , a n d  m ice  g iv en  300 o r  
600  m g  E T U /k g  o ra lly  fo r five c o n se c u tiv e  day s 
sh o w e d  n o  in c re ase  in  d o m in a n t- le th a l  m u ta tio n s .

T h e  im p o r ta n c e  o f  E T U  as an  e n v iro n m e n ta l  c o n 
ta m in a n t  m a k e s  it a  fe rtile  field fo r s tu d y , a n d  th e  
e x p e r im e n ts  rev iew ed  h e re  su g g est th e  n eed  fo r 
fu r th e r  c la r if ic a tio n  o f  th e  q u e s tio n  o f  E T U  m u ta g e n i
c ity . T h e  n itro s a te d  d e riv a tiv e  o f  E T U  is r e p o r te d  to  
b e  u n d e rg o in g  c y to g e n e tic  a n d  d o m in a n t- le th a l  
s tu d ie s , in te ra c tiv e  m u ta g e n ic ity  o f  E T U  a n d  n itr ite  
h a v in g  b e e n  d e m o n s tra te d  in  a  h o s t-m e d ia te d  assay  
(S h ira su  et al. C o ld  S p r in g  H a rb o r  C o n fe ren c es  on  
C ell P ro life ra tio n , V ol. 4 ; C o ld  S p r in g  H a r b o r  L a b o r 
a to ry , 1977).

N itro sa m in e s  in h erb ic id es too?

R oss , R. D ., M o rr iso n , J ., R o u n b e h le r , D . P., F a n .
S. &  F in e , D . H . (1977). N -N itro s o  c o m p o u n d  im p u r i
ties in  h e rb ic id e  fo rm u la tio n s . J. agric. Fd Chem. 25 , 
1416.

T h e  lik e lih o o d  th a t  n i tro s o  c o m p o u n d s  a re  fo rm ed  
by  th e  r e a c tio n  o f  so m e  ty p es  o f  a g r ic u ltu ra l  c o m 
p o u n d s  w ith  n itr ite s  h as p re v io u s ly  b e e n  e x p lo re d  
(E le sp u ru  &  L ijin sk y , Fd Cosmet. Toxicol. 1973, 11, 
807). P re fo rm e d  n i tro s o  c o m p o u n d s  h a v e  n o w  been  
d e te c te d  in  so m e  h e rb ic id e  fo rm u la tio n s .

N itro so d im e th y la m in e  (N D M A ) w as d e te rm in e d  in 
six  h e rb ic id e  fo rm u la tio n s  a n d  n i tro s o d ip ro p y la m in e  
(N D P A ) in  o n e , u s in g  g a s  c h ro m a to g ra p h y - th e rm a l  e n 
e rg y  a n a ly s is  o r  h ig h -p re s su re  l iq u id  c h ro m a to g ra p h y -  
th e rm a l e n erg y  a n a ly s is . In  th e  firs t six h e rb ic id e  
fo rm u la tio n s  all th e  lis te d  c o n s titu e n ts  w ere  p re sen t 
as d im e th y la m in e  sa lts . T w o  fo rm u la tio n s  c o n ta in in g  
2 ,4 -d ic h lo ro p h e n o x y a c e tic  ac id  (2 ,4 -D ) a n d  2 ,6-di- 
c h lo ro -o -a n is ic  ac id  w ere  te s te d ;  th e  first a lso  c o n 
ta in e d  2 - (2 -m e th y l-4 -c h lo ro p h e n o x y )p ro p io n ic  acid . 
N D M A  w as d e te c te d , a t  0-3 p p m , in  th is  first sa m p le  
b u t  n o t  in  th e  se c o n d  sa m p le . N o  N D M A  w as fo u n d  
in  a  th ird  sa m p le  m a d e  u p  o f  2 ,4 ,5 -tr ic h lo ro p h e n o x y - 
p ro p io n ic  a c id  a n d  2 ,4 -D . T h re e  fo rm u la tio n s  o f
2 ,3 ,6 - tr ic h lo ro b e n z o ic  ac id  h a d  th e  h ig h es t N D M A  
levels, o f  187, 195 a n d  640  p p m  re sp ec tiv e ly . T h e  
s e v e n th  sa m p le , a  fo rm u la tio n  o f  a ,a ,a - tr i f lu o ro -2,6- 
d in it ro -N ,N -d ip ro p y l-p - to lu id in e , w as a n a ly se d  for 
N D P A  a n d  fo u n d  to  c o n ta in  154 p p m . T h e  a u th o rs  
sp e c u la te  th a t  N D P A  m ay  re su lt  fro m  th e  n itro s a tio n  
o f  d ip ro p y la m in e  by  n itr ic  ac id , s in ce  b o th  o f  these  
c o m p o u n d s  a re  u sed  in th e  p r e p a ra tio n  o f  ot,a,a- 
tr if lu o ro -2 ,6 -d in itro -N ,iV -d ip ro p y l-p - to lu id in e . In  th e  
case  o f  th e  2 ,3 ,6 - tr ic h lo ro b e n z o ic  a c id  sa m p le s , th e  
N D M A  m ay  h a v e  re su lte d  fro m  th e  re a c tio n  o f 
d im e th y la m in e  w ith  so d iu m  n itr i te  u sed  in  th e  c o n 
ta in e rs  as a  ru s t in h ib ito r .
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T h e  p o te n tia l  ro u te s  o f  h u m a n  e x p o su re  to  h e rb i
c id es a re  n u m e ro u s . T h e  a u th o rs  o f  th is  p a p e r  p o in t 
o u t  th a t  c o n c e n tra t io n s  o f  N D M A  as h ig h  as 640  p p m  
in  h e rb ic id e s  c o u ld  lea d  to  h u m a n  e x p o su re s  m u c h

h ig h e r  th a n  th o se  fro m  n itr ite -p re se rv e d  fo o d s  o r 
to b a c c o  sm o k e . T h ey  su g g est th a t  e p id e m io lo g ic a l 
s tu d ie s  sh o u ld  be  c a rr ie d  o u t o n  p e o p le  e x p o se d  to  
h ig h  levels o f  h e rb ic id es .

P R O C E S S IN G  A N D  P A C K A G IN G  C O N T A M IN A N T S

A ssessing  p la s tic s  m ig ra tio n

R ossi, L. (1977). In te r la b o ra to ry  s tu d y  o f  m e th o d s  for 
d e te rm in in g  g lo b a l m ig ra t io n  o f  p la s tic  m a te ria ls  in 
liq u id s  s im u la tin g  fa tty  fo odstu ffs . J. Ass. off. analyt. 
Chem. 60 , 1282.

T h e  o v e ra ll m ig ra t io n  in to  foods o f  th e  c o n s titu e n ts  
o f  p la s tic s  m a te ria ls  w ith  w h ic h  th e  fo o d s  a re  in  c o n 
ta c t  is a lre a d y  lim ite d  by  law  in  so m e  c o u n tr ie s  (e.g. 
F ra n c e  an d  Ita ly ). In  a d d it io n  a  p ro p o se d  D ire c tiv e  
h as b e e n  p lac ed  b e fo re  th e  E E C  C o u n c il (Off. J. 
Europ. Commun. 1978, 21 ( 0 4 1 ) ,  4). T h is  p ro p o sa l  
w o u ld , in  m o s t  cases, l im it m ig ra t io n  to  60 m g /k g  o f  
fo o d  o r  6 0 m g /l i tr e  o f  liq u id . T h e  m e th o d s  o f  a n aly sis  
to  b e  u sed  w ill b e  se t o u t  in  a  fu r th e r  d irec tiv e . T h e  
p a p e r  c ited  a b o v e  w as first p re se n te d  in  N o v e m b e r  
1976 a n d  d e sc rib e s  th e  w o rk  o f  a n  E E C  W o rk in g  
P a r ty  re sp o n s ib le  fo r a ssess in g  p o ss ib le  m e th o d s  fo r 
d e te rm in in g  o v e ra ll m ig ra t io n  o f  p la s tic s  c o n s titu e n ts  
in to  fa tty  fo o d s. T h e  a u th o r  c o m p a re s  th e  re su lts  
o b ta in e d  by  th e  v a r io u s  m e th o d s  in  a  n u m b e r  o f 
la b o ra to r ie s .

T h e  m e th o d s  u sed  to  d e te rm in e  m ig ra t io n  o f  p la s 
tic s  in to  fats a re  a ll b a se d  o n  th e  sa m e  p rin c ip les . 
T h e  p las tic s  s a m p le  is w eig h ed  b e fo re  a n d  a fte r  c o n 
ta c t  w ith  th e  fat s im u la n t, a n d  th e  a m o u n t  o f  s im u la n t 
a b so rb e d  by  th e  sa m p le  is e x tra c te d  a n d  d e te rm in e d ; 
th e  p la s tic s  m ig ra t io n  c a n  th e n  b e  e s tim a te d  fro m  
th e se  th re e  w eigh ts . T h e  m e th o d s  d iffer in  th e  cho ice  
o f  s im u la n t  a n d  in  th e  te c h n iq u e  used  fo r d e te rm in in g  
th e  a b so rb e d  s im u la n t.

In itia l c o m p a r is o n  o f  th re e  p o ss ib le  m e th o d s  led 
to  th e  re je c tio n  o f  th e  P a llie re  (Annali 1st. sup. Sanita 
1972, 8, 365) m e th o d , in  w h ich  th e  s im u la tin g  liq u id  
u se d  is su n flo w e r o il w h ic h  is e x tra c te d  a n d  d e te r 
m in e d  io d o m e tr ic a lly . A lth o u g h  th is  m e th o d  w as 
fo u n d  to  b e  s im p le r  a n d  q u ic k e r  th a n  th e  o th e r  tw o  
m e th o d s , it w as h a m p e re d  by in te rfe re n c e  fro m  u n 
s a tu ra te d  su b s ta n c e s  th a t  c o u ld  c o -e x tra c t w ith  
a b s o rb e d  o il fro m  th e  p la s tic s  m a te ria l.  T h e  m e th o d s  
o f  V a n  B a ttu m  &  R ijk  (ibid 1972, 8, 421) a n d  o f  R ossi 
et al. (ibid 1972, 8, 432) w ere  n o t su b je c t to  in te rfe r
en ce  a n d  w ere  c o n s id e re d  w o r th  fu r th e r  in v es tig a tio n , 
a lth o u g h  th e  re p ro d u c ib il i ty  b e tw e e n  la b o ra to r ie s  w as 
p o o r . T h ese  tw o  m e th o d s  u sed  H B  307 (a sy n th e tic  
m ix tu re  o f  tr ig ly c erid es) a n d  su n flo w e r o il, re sp e c t
ively, as s im u la tin g  liq u id s ; in  b o th  cases th e  d e te r 

m in a t io n  w as m a d e  by  gas c h ro m a to g ra p h y . O n  th e  
b a s is  o f th e se  first in te r la b o ra to ry  tes ts , th e  W o rk in g  
P a r ty  p re p a re d  a  new  m e th o d — ‘th e  C o m m u n ity  
m e th o d ’ (E E C  W o rk in g  D o c u m e n t N o . 3 0 03 /V I/74 , 
c h a p . I l l ,  p .34). U n lik e  th e  p ro c e d u re s  d isc u sse d  
a b o v e , th is  new  m e th o d  specified  o liv e  o il as th e  
s im u la tin g  liq u id , s ince  it w as m o re  s ta b le  th a n  s u n 
flow er oil a n d  less ex p en s iv e  a n d  e as ie r  to  u se  th a n  
H B  307. T h e  C o m m u n ity  m e th o d  w as used  in  five 
d iffe ren t la b o ra to r ie s  a n d  w as ju d g e d  to  b e  va lid  
fo r lo w -d e n sity  p o ly e th y len e , rig id  P V C , p o ly s ty re n e  
a n d  p o ly a m id e , b u t  n o t fo r a c ry lo n it r i le -b u ta d ie n e -  
s ty re n e  c o p o ly m e r;  re p ro d u c ib il i ty  w as c o n s id e re d  
sa tis fa c to ry  “ if  th e  fact th a t  th e  la b o ra to r ie s  h a d  n o t 
a d h e re d  s tr ic tly  to  th e  tec h n ic a l d e ta ils  w as ta k e n  in to  
a c c o u n t” . H o w ev e r, th e  g e n e ra l v a lid ity  o f  th e  m e th o d  
w as d o u b te d  by  o n e  o f  th e  la b o ra to r ie s ,  a fte r th e  
o b se rv a tio n  th a t  th e  fa tty  a c id  c o m p o s it io n  o f  th e  
o liv e  o il w as d iffe ren t b e fo re  a n d  a fte r  e x tra c tio n . 
S u b se q u e n tly  th e  C o m m u n ity  m e th o d  w as fu r th e r  
te s te d  a n d  c o m p a re d  w ith  a  m o d ifie d  V a n  B a ttu m  
m e th o d  (E E C  W o rk in g  D o c u m e n t N o . 1889 /V I/75 ) 
a n d  w ith  th e  F ig g e  m e th o d  w h ich  used  lab e lle d  H B  
307 as s im u la n t  an d  a  r a d io m e tr ic  d e te rm in a tio n  
(Bundesgesundheitsblatt 1975, 18, 27). N o  s ig n if ic a n t 
in te rfe re n c es  in  th e  q u a n t i ta t io n  o f  th e  o il w ere  fo u n d  
fo r an y  o f  th ese  m e th o d s . V a r ia t io n s  in  th e  c o m p o s i
t io n  o f  th e  o liv e  o il d id  n o t a p p e a r  to  affect th e  final 
re su lt. All th re e  m e th o d s  g av e  “a c c e p ta b le ” re su lts  for 
th e  p la s tic s  e x am in ed , n a m e ly  p o ly e th y le n e  o f  v a r io u s  
m elt indexes, p o ly p ro p y le n e , p la s tic iz e d  a n d  rig id  
P V C , c ry s ta llin e  a n d  h ig h - im p a c t p o ly s ty re n e  a n d  
a c ry lo n it r i le -b u ta d ie n e - s ty re n e  c o p o ly m e r. R e p ro d u 
c ib ility  w ith in  a  la b o ra to ry  w as fa irly  g o o d  fo r th e  
C o m m u n ity  a n d  F ig g e  m e th o d s  b u t  s lig h tly  less for 
th e  V a n  B a ttu m  m e th o d . V a r ia t io n s  b e tw ee n  l a b o r a 
to r ie s  w ere  m u c h  g re a te r  th a n  th o se  w ith in  a  l a b o r a 
to ry , b u t  h e re  a g a in  th e  C o m m u n ity  a n d  F ig g e  
m e th o d s  sh o w e d  b e tte r  re p ro d u c ib il i ty  th a n  th e  V a n  
B a ttu m  m e th o d . T h e  F ig g e  m e th o d  w as m o re  re lia b le  
th a n  th e  o th e r  tw o  m e th o d s  in  re sp ec t o f  th e  p o ss ib le  
v a r ia tio n s  in  o il c o m p o s it io n  a n d  o f  th e  p re sen c e  in 
th e  e x tra c t  o f  su b s ta n c e s  in te rfe rin g  w ith  gas c h ro m a 
to g ra p h y . H o w ev e r, th ese  a d v a n ta g e s  a re  sa id  to  h av e  
lit t le  p ra c tic a l  v a lu e  a t p re sen t. I t  is a lso  p o in te d  o u t 
th a t  th e  F ig g e  m e th o d  need s sp ec ia l p re c a u tio n s  a n d  
sp e c ia liz ed  p e rso n n e l a n d  a p p a ra tu s  w h ich  m ay  n o t 
b e  a v a ila b le  in  all la b o ra to r ie s .

T H E  C H E M IC A L  E N V IR O N M E N T

C a d m iu m  an d  liver pa th o lo g y

F a e d e r , E . J., C h a n e y , S. Q ., K in g , L . C ., H in n e rs ,
T . A., B ruce, R. &  F o w le r , B. A. (1977). B io ch em ica l 
a n d  u l tr a s t ru c tu r a l  c h an g e s  in  livers o f  c a d m iu m - 
t r e a te d  ra ts . Toxic, appl. Pharmac. 39 , 473.

T h e  to x ic ity  o f  c a d m iu m  a n d  c a d m iu m  c o m p o u n d s  
is n o w  w ell d o c u m e n te d ;  e x p o su re  fo r an y  le n g th  o f 
tim e  re su lts  in  a c c u m u la tio n  a n d  su b s e q u e n t d a m a g e  
to  b o th  th e  liv e r a n d  k id n ey s . T h ese  tw o  o rg a n s  
to g e th e r  a c c o u n t fo r a b o u t  h a lf  o f  th e  b o d y ’s b u rd e n  
o f  c a d m iu m  fo llo w in g  p ro lo n g e d  e x p o su re  (Cited in



The chemical environment— Fd Cosmet. Toxicol. Vol. 17. no. 2 179

F.C.T. 1977. 15, 480). A lth o u g h  th e  ev idence  fo r an y  
te ra to g e n ic  o r  c a rc in o g e n ic  ac tiv ity  o f  c a d m iu m  is 
c o n s id e re d  to  b e  in co n c lu s iv e , c o n ce rn  fo r in d u s tr ia l 
sa fe ty  h as led  N IO S H  to  re c o m m e n d  a lo w er T L V  
o f  40  / tg /m 3 r a th e r  th a n  th e  p re v io u s  level o f  50 / tg /m 3 
(Federal Register 1977 42 , 5434).

L iver d a m a g e  c an  b e  d e te c te d  d ire c tly  by e le c tro n  
m ic ro sc o p y , a n d  a lso  in d irec tly  by  im p ro p e r  fu n c tio n , 
as re flec ted  by  a b n o rm a l p la sm a -e n z y m e  levels. E x p o 
su re  t o  c a d m iu m  in th e  w o rk  n o w  re p o r te d  w as re g u 
la te d  so  th a t  th e  d o se s  a d m in is te re d  w o u ld  p ro d u c e  
liv e r ch an g e , b u t in je c tio n s  w ere  tim e d  to  p re v en t d e 
v e lo p m e n t o f  o b v io u s  m o rb id ity . M a le  r a ts  w ere  in 
je c te d  sc  w ith  c a d m iu m  c h lo r id e  in  sa lin e  in  do ses 
o f  0, 0-25, 0-50 o r  0-75 m g  c a d m iu m /k g  b o d y  w eigh t 
th ree  tim e s /w k  o v e r a  p e r io d  o f  8 w k. E v ery  2 wk 
re p re se n ta tiv e  a n im a ls  fro m  e a c h  d o se  level w ere 
k illed  a n d  c a d m iu m  levels w ere  d e te rm in e d . C h a n g e  
in  liv e r fu n c tio n  w as m e a su re d  by  assay  o f  p la sm a  
levels o f  a s p a r ta te  a m in o tra n s fe ra se  (A A T), y -g lu tam y l 
t r a n s p e p t id a s e  (G T ) a n d  o rn ith in e  c a rb a m o y ltra n s fe r -  
a se  a n d  by  d e te rm in a tio n  o f  red -ce ll c a rb o n ic -a n h y -  
d ra se  a c tiv ity . L iv e r  s t ru c tu re  w as e x a m in e d  by  e lec 
t ro n  m ic ro sc o p y .

It w as fo u n d  th a t  c a d m iu m  a c c u m u la te d  in  th e  
liver, in c re a s in g  in  a ll d o se  g ro u p s  as a  fu n c tio n  o f  
b o th  tim e  o f  t r e a tm e n t  a n d  d o se . B e tw een  40  a n d  
5 0 °o o f  th e  to ta l  b o d y  b u rd e n  o f  c a d m iu m  w as fo u n d  
to  b e  a c c u m u la te d  in  th e  liver, w hile  k id n ey  levels 
a c c o u n te d  fo r b e tw e e n  5 a n d  8°0 o f  th e  to ta l .  L iv e r 
fu n c tio n  te s ts  re v e a le d  th a t  b y  w k 6 b o th  A A T  an d  
G T  levels h a d  b e c o m e  e le v a te d  in  ra ts  g iven  th e  
h ig h e r  d o se s . A lso  a t w k 6 a  sm a ll b u t  s ig n ifican t 
d e c re a se  in  th e  red -ce ll c a rb o n ic -a n h y d ra s e  ac tiv ity  
o c c u rre d  in  th e  tw o  h ig h es t d o se  g ro u p s  a n d  ch an g es  
in  th e  c e llu la r  s t ru c tu re  b e c a m e  a p p a re n t.  E x a m in 
a tio n  o f  liv e r tis su e  w ith  th e  e le c tro n  m ic ro sc o p e  
re v ea le d  a  d i la t io n  a n d  lo ss o f  r ib o so m e s  fro m  th e  
e n d o p la sm ic  re tic u lu m  a n d  a  p ro life ra t io n  o f  la rg e  
c o n n e c tiv e  tis su e  b u n d le s  w h ic h  h a d  th e  a p p e a ra n c e  
o f  new ly  fo rm ed  c o lla g e n  fibres.

A d e fin ite  c o r re la t io n  w as th e re fo re  e s ta b lish e d  
b e tw e e n  th e  o n se t o f  u l tr a s t ru c tu r a l  c h a n g e  in  th e  
liv e r a n d  b io c h e m ic a lly  o b se rv a b le  en zy m e-lev el 
ch an g e .

T h e  a u th o r s  su g g e st, o n  th e  b a s is  o f  th ese  find ings, 
th a t  w h ile  th e  c o n c e n tra t io n  o f  c a d m iu m  is im p o r ta n t,  
th e  ra te  o f  its  a c c u m u la tio n  is a n o th e r  im p o r ta n t  fac 
to r  g o v e rn in g  m o rb id ity . W h e n  th e  ra te  o f  c a d m iu m  
e x p o su re  is s low , su ffic ien t p ro te in  c a n  be  sy n th e s ize d  
fo r liver d a m a g e  to  b e  p re v e n te d  o r  m in im ized .

M u ta g e n ic ity  o f  a c ry lo n itr ile

M ilvy , P . &  W olff, M . (1977). M u ta g e n ic  s tu d ie s  w ith  
a c ry lo n itr ile . Mutation Res. 48 , 271.

V e n itt , S., B ushe ll, C . T . &  O s b o rn e , M . (1977) M u ta 
g en ic ity  o f  a c ry lo n itr i le  (c y an o e th y le n e ) in  Escherichia 
coli. Mutation Res. 45 , 283.

T h e  m o n o m e r  a c ry lo n itr ile  (C H 2 =  C H C N ; v inyl 
c y a n id e ; p ro p e n e n itr i le ;  c y a n o e th y le n e ; A C N ) is p r o 
d u c ed  in d u s tr ia lly  o n  a  la rg e  sca le  a n d  is w idely  used  
in th e  m a n u fa c tu re  o f  ru b b e r  a n d  sy n th e tic  fib res a n d  
a lso  as a  g ra in  fu m ig a n t. A p re lim in a ry  r e p o r t  has

in d ic a te d  th a t  A C N  m ay  b e  c a rc in o g e n ic  in  ra ts  (Food 
Chemical News 1 9 7 7 ,1 9 (4 ) 23) a n d  in  a  s tu d y  o f  w o rk e rs  
in  a  p o ly m e r iz a tio n  p la n t  h a s  su g g e s te d  a  p o ss ib le  
c a rc in o g e n ic  h a z a rd  in in d u s tr ia l  s i tu a t io n s  (ibid 1977. 
1 9 (1 1 ) 26). F u r th e rm o re ,  tw o  p a p e rs  p u b lis h e d  w ith in  
w eeks o f  e ac h  o th e r  h av e  in d ic a te d  th e  m u ta g e n ic  
p ro p e rtie s  o f  A C N . in  o n e  e x p e r im e n t a t a  v a p o u r-  
p h a se  e x p o su re  level as low  as 57 p p m .

M ilvy  &  W o lff  (c ited  ab o v e) d e m o n s tra te d  m u ta 
genesis u sin g  th e  A m es Salmonella typhimurium s tra in s  
T A 1535 , T A 1978  a n d  T A 1538  e x p o se d  to  A C N  u n d e r  
th re e  d iffe ren t e x p e r im e n ta l c o n d it io n s  (so lu tio n , 
v a p o u r  a n d  sp o t t in g  o n  a  b a c te r ia l ‘la w n ’). O f  th e  
th re e  te c h n iq u e s  u sed , b a c te r ia l  e x p o su re  to  A C N  in 
th e  v a p o u r  p h a se  w as fo u n d  to  b e  th e  m o s t useful 
fo r q u a n ti ta t iv e  s tu d ie s  o w in g  to  th e  c o m p o u n d ’s h ig h  
v o la tility . In c re a se s  in  b o th  b a s e -s u b s ti tu t io n  an d  
fram esh ift m u ta t io n s  w ere  o b se rv ed  o n ly  in  th e  p re s 
e n ce  o f  m ic ro so m a l-e n z y m e  sy s tem s a n d  c o -fa c to rs  
— in  th is  w o rk  th e  S-9  f ra c tio n  fro m  ra t- liv e r  h o m o 
gen a te .

M u ta g e n ic ity  o f  A C N  w as a lso  d e m o n s tra te d  by 
V e n itt et al. (loc.cit.), u s in g  Escherichia coli W P 2  
s tra in s  in  p la te - in c o rp o ra t io n  a n d  f lu c tu a tio n  tes ts . 
T h e  la t te r  te c h n iq u e  d e te c te d  m u ta g e n ic  ac tiv ity  in 
th e  W P 2  uvrApolA s t r a in  a t a  c o n c e n tra t io n  o f  
0T  m x 1 (T 3 A C N . T h e  use  o f  S. typhimurium s tra in s  
/iisG 46. /ii.s3052, T A 1535 . T A 100 , T A 1538  a n d  T A 98  
in  th e  f lu c tu a tio n  te s t o n ly  d e m o n s tra te d  m u ta g e n ic  
ac tiv ity  in  th e  /ii.sG46 s tra in , b u t  th ese  re su lts  w ere 
e r ra t ic  a n d  n o t s ig n if ic a n t. H o w ev e r, fro m  th e  d iffe r
e n tia l re sp o n se  o f  th e  E. coli W P 2  se ries  u sed , it 
a p p e a rs  th a t  A C N  m a y  re a c t w ith  th y m in e  re s id u es  
in D N A .

[A lth o u g h  th e  m a jo r i ty  o f  k n o w n  c h em ica l c a r 
c in o g e n s  h av e  p ro v e d  m u ta g e n ic  in  b a c te r ia l  te s t sy s
tem s, d a n g e r  lies in e x tra p o la t in g  d a ta  fro m  a m u ta 
g en ic  to  a  c a rc in o g e n ic  p o te n tia l .  M o re o v e r  th e  s tep  
fro m  m ic ro b ia l  o b se rv a tio n s  to  ac tiv ity  in  m a n  is a 
la rg e  o n e . N e v e rth e le ss  th e se  re su lts  d o  e n c o u ra g e  
fu r th e r  c o n s id e ra tio n  o f  a  p o ss ib le  A C N  h a z a rd  to  
m a n  in  o c c u p a tio n a l  e x p o su re .]

A c ry lo n itr ile  in a c tio n  ag a in

S z a b o . S., B ailey , K . A.. B o o r. P . J. &  Ja e g e r, R . J.
(1977). A c ry lo n itr ile  a n d  tis su e  g lu ta th io n e :  d iffe re n 
tia l effect o f  a c u te  a n d  c h ro n ic  in te ra c tio n s . Biochem. 
biophys. Res. Commun. 7 9 , 32.

T h e  p re lim in a ry  in d ic a tio n s  o f  th e  p o ss ib le  c a rc in o 
g en ic  p o te n t ia l  o f  a c ry lo n itr i le  in  r a ts  (Food Chemical 
News 1977, 18 (45), 20) a n d  in d u s tr ia l  w o rk e rs  (ibid 
1977, 19 (11), 26) h av e  led  to  th e  t ig h te n in g  o f  re s tr ic 
tio n s  g o v e rn in g  th e  u se  o f  th is  ch em ica l. A n  e m e r
gency te m p o ra ry  s ta n d a rd  fo r  a c ry lo n itr i le  h a s  b e en  
issu ed  by  O S H A , re d u c in g  th e  p e rm iss ib le  in d u s tr ia l 
e x p o su re  level fro m  20 to  2 p p m , a s  a n  8-h r  tim e - 
w e ig h te d  a v e ra g e  (Federal Register 1978. 43, 2586).

F u r th e r  d a ta  o n  th e  to x ic ity  o f  a c ry lo n itr i le  in  ra ts  
is p re se n te d  by th e  a u th o r s  c ited  a b o v e . T h e  sa m e  
g ro u p  h a d  p re v io u s ly  d e m o n s tra te d  th a t  a  s in g le  d o se  
o f  a c ry lo n itr i le  ra p id ly  p ro d u c e d  a  fa ta l a d re n a l  a p o 
p lexy  in  ra ts  fo llo w in g  a d re n o c o r tic a l  insuffic iency , 
c e n tra l  n e rv o u s  sy s tem  to x ic ity  an d  co n g es tiv e  lu n g  
o e d e m a  (S zab o  et al. Am. J. Path. 1976, 82 , 653). T h e
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m o re  re c e n t p a p e r  r e p o r ts  th e  effects o f  a c ry lo n itr ile  
o n  re d u c e d  g lu ta th io n e  (G S H ). T h e  t r ip e p tid e  g lu ta 
th io n e  o c c u rs  w ide ly  in  a n im a l tissues, an d  in  its 
re d u c e d  fo rm  (G S H ) it seem s to  ac t as an  a n tio x id a n t 
in  p ro te c tin g  th e  liv e r o r  lu n g  fro m  ch em ica l in ju ry .

In  a c u te  e x p e rim e n ts , r a ts  w ere  g iv en  e ith e r  a n  
a q u e o u s  su s p e n s io n  o f  a c ry lo n itr ile  (o n e  iv d o se  o f  
1 5 0 m g /k g ) a n d  k ille d  5, 15, 30 a n d  60 m in  a fte r t r e a t 
m e n t, o r  a n  iv in je c tio n  o f  0, 10, 50 o r  1 5 0 m g /k g  
a c ry lo n itr i le  a n d  k ille d  a fte r  30 m in . A ra p id  tim e - 
a n d  d o se -d e p e n d e n t d e c re a se  o f  G S H  in  th e  liver, 
lu n g , k id n ey  a n d  a d re n a ls  b e c a m e  a p p a re n t  w ith in  
5 m in  o f  th e  in je c tio n . H o w e v e r  ev en  w ith  a  d e p le tio n  
o f  G S H  o f  8 0 -9 0 % , h e p a tic , re n a l a n d  lu n g  tissu es 
sh o w e d  n o  spec ific  d a m a g e  as re v ea le d  by  g ro ss  o r  
l ig h t-m ic ro sc o p ic  e x a m in a tio n . T h e  d e c re a se  in  G S H  
c o n c e n tra t io n s  in  th e  liv e r a n d  a d re n a ls  w as g ra d u a l

a n d  s tead y , w hereas, a lth o u g h  m in im a l c h an g e s  
o c c u rre d  a t 1 0 -50  m g  a c ry lo n itr ile /k g , a  s h a rp  d ro p  
in  c e re b ra l G S H  c o n c e n tra t io n s  w as o b se rv e d  
b e tw ee n  50 an d  1 5 0 m g /k g , th e  d o se  ra n g e  th a t  c au sed  
d e a th s .

In  s u b a c u te  e x p e rim e n ts , a c ry lo n itr ile  a t c o n c e n 
tra t io n s  o f  0, 0  002, 0  01 o r  0  05%  w as a d m in is te re d  
in  th e  d r in k in g -w a te r  o v e r a  2 1 -d ay  p e rio d . O th e r  a n i
m als  rece iv ed  s im ila r  d o se s  o f  a c ry lo n itr i le  tw ice d a ily  
as a  b o lu s  a d m in is te re d  by  gavage . T h ese  ex p erim en ts  
d e m o n s tra te d  a  d o se -d e p e n d e n t in c re a se  in  h ep a tic  
G S H  c o n c e n tra t io n , w h ich  w as g re a te r  in  th e  a n im a ls  
g iv en  a  b o lu s  d o se . T h e  a u th o rs  p o in t  o u t  th a t  s im ila r  
e le v a tio n s  h a v e  b e e n  d e m o n s tra te d  u s in g  c h e m ic a l 
c a rc in o g e n s , a n d  ask  th e  a ll- im p o r ta n t  q u e s t io n  
w h e th e r  th ese  c h an g e s  will a lso  reflect a n  ea rly  le s io n  
p re c e d in g  c a rc in o g e n ic  c h a n g e  in  m an .

N A T U R A L  P R O D U C T S

Taming tannic acid

M itja v ila , S., L a c o m b e , C ., C a r re ra ,  G . &  D e rac h e , 
R. (1977). T a n n ic  a c id  an d  o x id iz e d  ta n n ic  ac id  o n  
th e  fu n c tio n a l  s ta te  o:' ra t in te s tin a l e p ith e liu m . J. 
Nutr. 107, 2113.

T a n n ic  a c id  (TA ) in  la rg e  d o ses  h a s  b e e n  sh o w n  
to  re d u c e  th e  in te s tin a l a b s o rp t io n  o f  c e r ta in  s u b 
s ta n ce s , su c h  as g lu co se  a n d  m e th io n in e , p o ss ib ly  by 
fo rm in g  in so lu b le  co m p lex es  o r  by  so m e  d ire c t a c tio n  
o n  th e  g u t e p ith e liu m  (Cited in F.C.T. 1972, 10, 733). 
T h e  p a p e r  c ited  a b o v e  show s th a t  th e  fu n c tio n a l s ta te  
o f  th e  in te s tin a l e p ith e liu m  o f  th e  r a t  is a lte re d  by 
feed ing  TA.

M a le  ra ts  w ere  fed d ie ts  c o n ta in in g  3%  T A , 3% 
T A  p lu s 1% so d iu m  su lp h ite , o r  3%  o x id iz e d  T A , all 
c a lc u la te d  o n  th e  d ry  w e ig h t o f  th e  d ie t, fo r  25 d ays. 
H is to lo g ic a l e x a m in a tio n  sh o w ed  th a t  a n im a ls  o n  th e  
first a n d  th ird  d ie ts  se c re ted  a  la rg e  a m o u n t  o f  g a s tr ic  
m u cu s , a lth o u g h  th e  q u a n ti ty  w as n o t  su ffic ien t to  
a ffo rd  c o m p le te  p ro te c tio n ;  in  a ll th re e  g ro u p s , p a r t  
o f  th e  su p e rfic ia l g a s tr ic  m u c o sa  w as e ro d e d , a n d  th is  
w as a c c o m p a n ie d  by  g la n d u la r  a tro p h y  in  th e  g ro u p  
g iv en  T A  a lo n e . M u c u s  se c re tio n  in  th e  d u o d e n u m

w as a lso  in c re ased , m o s t  m a rk e d ly  in  th e  r a ts  fed o x i
d ize d  T A , a n d  p o in ts  o f  e p ith e lia l n e c ro s is  a n d  zo n es  
o f  e ro s io n  w ere  a p p a re n t.  E p ith e lia l cells iso la te d  a fte r 
3 w k fro m  th e  in te s tin e s  o f  th e  ra ts  o f  th e  firs t a n d  
la s t g ro u p s  sh o w ed  a  re d u c e d  o x y g e n  c o n s u m p tio n  
a n d  a  s ig n ific a n t d e c re a se  in  su c c in ic -d e h y d ro g e n a se  
ac tiv ity .

T h e  faecal c o n te n t  o f  g lu co sam in e , a  c o n s titu e n t  
o f  m u c o u s  g ly c o p ro te in s , w as s ig n ifican tly  in c re ased  
by  th e  feed in g  o f  T A , p a r tic u la r ly  in  th e  u n o x id iz e d  
s ta te .  E x c re tio n  o f  s ia lic  ac id s (c o n s titu e n ts  o f  m u c in  
a n d  m u c o p o ly sa c c h a r id e s )  w as a lso  in c re a se d  b y  TA  
feed ing . T h e re  w as so m e  d is tu rb a n c e  o f  w a te r  a n d  
io n ic  b a la n c e  in  th e  faeces o f  T A -tre a te d  a n im a ls , a  
fin d in g  p ro b a b ly  a s so c ia te d  w ith  a lte re d  m in e ra l  
a b s o rp tio n .

In  g e n e ra l s im u lta n e o u s  a d m in is t r a t io n  o f  a n  
a n tio x id a n t,  so d iu m  su lp h ite , h a d  l it t le  effect o n  th e  
a c tio n  o f  T A , a n d  th e  d e g ree  o f  su lp h ite -T A  in te ra c 
t io n  in  th e  a lim e n ta ry  t r a c t  is d ifficu lt to  assess. O x i
d a tio n  p r io r  to  a d m in is tra t io n , h o w ev er, re d u c e d  th e  
d a m a g in g  effect o f  T A  o n  th e  g a s tr ic  m u c o sa , a n d  
d im in ish e d  th e  h y p e rse c re tio n  o f  m u cu s , th u s  r e d u c 
in g  th e  lo ss o f  n i tro g e n  in  :h e  faeces.

M E T H O D S  F O R  A S S E S S IN G  T O X IC IT Y

A prenatal development index

C o u r tn e y , K . D . (1977). P re n a ta l  effects o f  h e rb ic id e s : 
e v a lu a tio n  by  th e  p re n a ta l  d e v e lo p m e n t index . Archs 
env. contam. & Toxicol. 6, 33.

T h e re  is a lw ay s  a  n e ed  to  d is t in g u ish  b e tw ee n  te r a 
to g en ic ity , fo e to to x ic ity  a n d  th e  fo e to id a l effects o f  
c o m p o u n d s  a d m in is te re d  to  th e  p re g n a n t a n im a l. 
H o w e v e r  th e  e v a lu a t io n  o f  fo e ta l d e v e lo p m e n t as a  
w h o le  m a y  b e  a  u sefu l c o n c e p t, fa c ili ta tin g  c o m p a r i
s o n  o f  th e  o v e ra ll  to x ic ity  o f  c e r ta in  c o m p o u n d s  o n  
th e  d e v e lo p in g  fo e tu s . T h e  P re n a ta l  D e v e lo p m e n t I n 
d e x  h a s  b e e n  p ro p o se d  as a  m ea n s  o f  re d u c in g  th e  
se v e ra l to x ic o lo g ic a l p a ra m e te rs  o f  th e  d e v e lo p in g  
fo e tu s  to  a  s in g le  value .

T h e  c a lc u la tio n s  in v o lv ed  fo r c o m p u tin g  th e  in d ex  
c o n c e rn  firs tly  th e  veh ic le  c o n tro l  d a ta  a n d  th e n  s im i
la r  t r e a tm e n t  o f  e x p e r im e n ta l d a ta ,  th u s :

V eh ic le  c o n tro l

T o ta l  n u m b e r  o f  n o rm a l live  fo e tu ses ^  
T o ta l  n u m b e r  o f  im p la n ta tio n s

A v erag e  fo e ta l w e ig h t =  B '

A ' x  B ' =  C

E x p e r im e n ta l

T o ta l  n u m b e r  o f  n o rm a l  live fo e tu ses
_______________________________________ __  a

T o ta l  n u m b e r  o f  im p la n ta tio n s
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A v e rag e  fo e ta l w e ig h t =  B 

A x  B =  E

E x  100
P re n a ta l  D e v e lo p m e n t In d e x  =  ----- ——  .

T h e  v a lid ity  o f  th is  in d e x  in  to x ic o lo g ic a l e v a lu 
a tio n  w as p u t  to  th e  te s t by  c o m p a r in g  th e  foe ta l 
effects o f  h e rb ic id e s  o f  th e  p h e n o x y a c e tic  ac id  c lass 
an d  re la te d  c o m p o u n d s . T h e  h e rb ic id e s  2 ,4 -d ic h lo ro -  
p h e n o x y a c e tic  a c id  (2 ,4 -D ) a n d  2 ,4 ,5 -tr ic h lo ro p h e n - 
o x y ace tic  a c id  (2,4,5-T) a n d  m a n y  o f  th e ir  e s te rs  p r o 
d u c e  cleft p a la te  in  m ice . T h ese  c o m p o u n d s  w ere  a d 
m in is te re d  to  p re g n a n t  C D - I  m ice  by  o ra l  g av ag e  o r  
sc  in je c tio n  a n d  th e  m ice  w ere  k illed  o n  d a y  18 o f  
g e s ta t io n  (d ay  1 b e in g  d e s ig n a te d  by  th e  d e te c tio n  
o f  a  v a g in a l p lug ). O n ly  live fo e tu ses w ere  ex am in ed  
for p h y sic a l a b n o rm a li t ie s ,  a n d  fo e tu ses w ere  c la ss i
fied as a b n o rm a l  if th e y  h a d  a t least o n e  a n o m a ly  
re g a rd le s s  o f  ty p e . O th e r  fo e ta l d a ta  r e q u ire d  w ere  
th e  n u m b e r  o f  im p la n ta tio n s , th e  n u m b e r  o f  live, 
n o rm a l foe tuses, th e  p e rc e n ta g e  o f  fo e ta l d e a th s  a n d  
th e  a v e ra g e  fo e ta l w e ig h t. M a te rn a l  to x ic ity  w as in d i
c a te d  by m e a su re m e n t o f  m a te rn a l  w eigh t g a in  an d  
th e  liv e r- to -b o d y  w e ig h t r a tio . F o r  m o s t s tu d ie s  th e  
veh ic le  w as 0T  m l c o rn  o i l- a c e to n e  (9:1). T h e  in d ex  
w as c a lc u la te d  a n d  c o m p a re d  o v e r a  ra n g e  o f  e x p e r i

m e n ta l  d e s ig n  (fo r e x a m p le  a d m in is t r a t io n  o f  th e  
h e rb ic id e  in  so lu t io n  o r  a s  a  su sp en s io n ), a n d  th e  
re su lts  w ere  a n a ly se d  s ta tis tic a lly .

A d ire c t  c o m p a r is o n  o f  th e  m o s t  c o m m o n ly  used  
h e rb ic id e s  u s in g  th e  P re n a ta l  D e v e lo p m e n t In d e x  
sh o w e d  th a t  2 ,4 -D , 2 ,4 ,5 -T  a n d  S ilvex  (2 ,4 ,5 -tric h lo ro - 
p h e n o x y p ro p io n ic  ac id ) a d v erse ly  a ffec ted  fo e ta l d e 
v e lo p m e n t, th e  m o s t  a c tiv e  o f  th e  th re e  b e in g  2,4,5-T . 
T h e  in d ex  o f  2 ,4 -D  w as u n a ffe c te d  by  e x p e r im e n ta l 
d e s ig n  su c h  as th e  v eh ic le  a n d  ro u te  o f  a d m in is t r a 
tio n , b u t  re su lts  w ith  2,4 ,5 -T  a n d  S ilvex  d e p e n d e d  
u p o n  th e  m o d es  o f  a d m in is tra t io n . S ilvex  w as in 
g e n e ra l less to x ic  b u t  h a d  m a x im a l effect w h e n  g iven  
in  d im e th y lsu lp h o x id e .

A g e n t O ra n g e , o n e  o f  th e  d e fo lian ts  u sed  in  V ie t
n a m , is a  5 0 -5 0  m ix tu re  o f  th e  n -b u ty l e s te rs  o f  2 ,4 -D  
a n d  2 ,4 ,5-T . I t  w as fo u n d  to  b e  g e n era lly  less a c tiv e  
th a n  th e  o th e r  h e rb ic id e s  in  ad v erse ly  a ffec tin g  fo e ta l 
d e v e lo p m e n t, a n d  b y  c o m p a r is o n  o f  its  in d ex  w ith  
th o se  o f  th e  c o n s titu e n t  e s te rs  it w as d e d u c e d  th a t  
th e  tw o  la t te r  h e rb ic id e s  d o  n o t ac t by  a  s im ila r  m e c h 
a n ism .

T h is  c o n c e p t o f  v iew in g  p re n a ta l  to x ic ity  as a  w h o le  
is a n  in te re s tin g  o ne . T h e  a u th o rs  su g g e st th a t  it will 
a llo w  fo r th e  e v a lu a tio n  o f  c o m p o u n d s  th a t  re su lt  in 
a  h ig h  in c id e n ce  o f  fo e ta l d e a th s  a n d  th u s  a  lo w  in c i
d e n c e  o f  v iab le  fo e tu ses , a n d  th a t  w o u ld  th e re fo re  be  
d ifficu lt to  assess  by  o th e r  m e th o d s .
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MEETING ANNOUNCEMENT

S K IN  M IC R O B IO L O G Y : R E L E V A N C E  T O  C L IN IC A L  IN F E C T IO N

A n  in te rn a t io n a l  sy m p o s iu m  e n ti t le d  “S k in  M ic ro b io lo g y : R e le v an c e  to  C lin ic a l In fe c tio n ” w ill b e  h e ld  
in  S a n  F ra n c is c o  o n  2 9 -3 1  A u g u s t, 1979. T h e  sy m p o s iu m  w ill c o v e r  c lin ica l in fe c tio n  in  th e  fie lds o f  D e rm a 
to lo g y , S u rg e ry , In fe c tio u s  D iseases , P a e d ia tr ic s ,  e tc . a n d  w ill b e  o p e n  to  m e m b e rs  o f  a ll fields o f  m ed ic in e , 
n u rs in g , a n d  p u b lic  h e a lth . S p e a k e rs  w ill b e  e x p e r ts  fro m  th e  U n ite d  S ta te s  a n d  W e s te rn  E u ro p e . T h e  c o u rse  
is sp o n s o re d  b y  E x te n d e d  P ro g ra m s  in  M e d ica l E d u c a tio n  a n d  p re se n te d  by  th e  D e p a r tm e n t  o f  D e rm a to lo g y  
o f  th e  U n iv e rs ity  o f  C a lifo rn ia  S c h o o l o f  M ed ic in e , S a n  F ra n c is c o , C a lifo rn ia . F u r th e r  in fo rm a tio n  m ay  be 
o b ta in e d  f ro m : E x te n d e d  P ro g ra m s  in  M e d ica l E d u c a tio n , U n iv e rs ity  o f  C a lifo rn ia , R o o m  569 U , S an  F r a n 
c isco , C A  94143, U S A  ( te le p h o n e  n o . (415) 6 6 6 -4251).

A N A L Y S IS  O F  T R A C E  O R G A N IC S

A n I n te rn a tio n a l  B io a n a ly tic a l F o ru m  o n  “A id s  to  T ra c e -o rg a n ic  A n a ly s is” is b e in g  o rg a n iz e d  b y  th e  W olf- 
so n  B io a n a ly tic a l C e n tre  o f  th e  U n iv e rs i ty  o f  S u rre y  a n d  w ill b e  h e ld  a t  G u i ld fo rd  o n  4 - 7  S e p te m b e r  1979. 
D e sc r ib e d  a s  “a n  e x c h a n g e  o f  k n o w -h o w  a m o n g s t  a n a ly s ts  w ith  in te re s ts  ra n g in g  fro m  p o l lu ta n ts  to  d ru g s  
in  b lo o d ”, th e  F o ru m  w ill b e  p a r tic u la r ly  c o n c e rn e d  w ith  th e  h a n d lin g  o f  e n v iro n m e n ta l  sa m p le s  su c h  as 
a ir , w a te r , so ils  a n d  fo o d s, a u to m a tic  p ro c e d u re s , a n a ly se s  in  b io lo g ic a l sa m p le s , w o rk -u p  p ro c e d u re s , a n d  
p ro b le m s  in v o lv e d  in  se t tin g  u p  s ta n d a rd s  a n d  e s ta b lish in g  d e te c tio n  lim its . T h e  U n iv e rs i ty ’s In s t i tu te  o f  
In d u s tr ia l  a n d  E n v iro n m e n ta l  H e a l th  a n d  S afe ty  is c o lla b o ra t in g  w ith  th e  C e n tre  o n  th e  e n v iro n m e n ta l  a sp e c ts  
o f  th e  F o ru m . F u r th e r  in fo rm a tio n  m a y  b e  o b ta in e d  fro m  D r. E . R e id , W o lfso n  B io a n a ly tic a l C e n tre , U n iv e r 
sity  o f  S u rre y , G u ild fo rd , G U 2  5 X H  ( te le p h o n e  n o . 04 8 3  71281).
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R e sp o n se  o f  m a le  r a ts  to  so d iu m  sa c c h a r in  in g e s tio n : u r in e  c o m p o s it io n  a n d  m in e ra l  b a la n c e . By R . L. 
A n d e rso n .
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STATEMENT ON THE NEW U.S. COPYRIGHT LAW 
FOR EDITORS, AUTHORS AND CONTRIBUTORS

The new U.S. Copyright Law which became effective in 1978 necessitates some changes regarding the assignment 
of copyright of articles submitted to journals published by Pergamon Press. Although the author, editor or Publisher 
may not be in the U.S.A. a substantial proportion of the subscribers operate under U.S. law. To provide protection 
and lawfully to permit traditional information distribution it is therefore desirable that authors from all countries 
should transfer copyright to the Publisher.

Amongst the principal changes brought about by the new law are the following:

1. Before the enactment of the new law, transfer of copyright was assumed to be implicit in the process of submitting 
a manuscript and its acceptance for publication.
The new law vests statutory copyright in each article with the authors (or their employers) and the copyright can 
only be transferred in a formal written manner.

2. A copyright notice printed in the journal was taken to apply to the journal issue as a whole and to the articles 
individually.
The new law requires a copyright notice to be published on the first page of each article for which copyright 
is claimed.

3. The new law contains a much more rigorous definition of the conditions under which libraries and others may 
make photographic copies. Individuals and non-profit libraries will still be free to make copies of articles for research 
and teaching but severe restrictions have been placed on copying by commercial libraries and microfilm services 
who will have to obtain authorization from the copyright holder.

Traditionally the Publisher has been able to provide services in addition to the printed version of the journal, for 
example, offprints of separate articles, reprints of complete issues, microform editions etc. He has also been able to 
authorize reproductions, reprinting and copying, make arrangements with indexing and abstracting services, and nego
tiate translation rights.
Under the new law such activities are controlled by the need to obtain written permission from the copyright holder 
for every individual article involved.
It is therefore clearly in the interests of the maximum diffusion of knowledge for the Publisher to be in a position 
to continue these activities. We are therefore asking authors to transfer the copyright to us by signing the Transfer 
of Copyright form reproduced overleaf and sending it to the Editor. Should the manscript not be accepted, the form 
will be returned together with your paper.
Provision is made on the form for work performed for the United States Government (which is not subject to copyright 
restrictions) and some United Kingdom Government work (which may be Crown copyright). If copyright is held by 
an employer an authorized representative of the company should sign the form.
Authors or their employers will continue to hold all proprietory rights including patent rights and. of course, the 
right to make use of the article, as well as to grant permission for reproduction of tables, charts, illustrations etc. 
To help libraries to obtain permission for copying (outside the fair use provisions) we have joined the Copyright 
Clearance Center. A note regarding this will appear inside the front cover of the journal. We do not expect substantial 
revenue from this source, but any excess when costs have been covered will be donated to United Nations Children's 
Fund—UNICEF and the International Council of Scientific Unions.
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Instructions to Authors
General. Authors from the United Kingdom should send O riginal Papers and Reviews to the Assistant 
Editor. All other papers and reviews should be sent to the appropriate Regional Editor. All ‘Letters to the 
Editor’ should be sent to the Editor and must be signed before they can be considered for publication.

Submission of a paper to the Editor will be held to imply that it reports unpublished original research, 
that it is not under consideration for publication elsewhere and that if accepted for the Journal, F ood and  
C osm etics Toxico logy , it will not be published again, either in English or in any other language, without the 
consent of the Editor.

Forms of Papers Submitted for Publication. Papers should be headed with the title of the paper, the surnames 
and initials of the authors and the names and addresses of the institutions where the work was done. A 
shortened version of the title not exceeding 45 letters and spaces, to serve as a running title, should be 
supplied.

In general the text should be subdivided as follows: (a) Summary: brief and self-contained, not exceeding 
3% of length of paper (b) Introductory paragraphs (c) Experimental (d) Results, presented as concisely as 
possible (e) Discussion (if any) and general conclusions (f) Acknowledgements and (g) References. Each sub
division. should commence on a separate sheet. Manuscripts should be typewritten on one side o f  the paper 
and double spaced. At least tw o copies should be supplied (one original and one, or preferably two, carbon 
copies). Papers will be accepted in English, French and German.

References. These should be listed on a separate page, in alphabetical order and arranged as follows: 
author’s name and initials, year, title of the journal [abbreviated according to the rules adopted in the 
W orld  L ist o f  Scien tific  Periodicals 1963, 4th Ed., Butterworth & Co. (Publishers) Ltd. London], volume, 
first page number:

e.g. Hickman, J. R., McLean, D. L. A. & Ley, F. J. (1964). Rat feeding studies on wheat treated with 
gamma-radiation. 1. Reproduction. F d  C osm et. Toxicol. 2, 15.

References to books should include the author’s name followed by initials, year, title of book, edition, 
appropriate page number, publisher and place of publication: 

e.g. Dow, E. & Moruzzi, G. (1958). The P hysiology and  Pathology o f  the C erebellum . 1st Ed., p. 422. The 
University of Minnesota Press, Minneapolis.

The names of all the authors of papers to be cited should be given when reference is first made in the text. 
In cases where there are more than two authors subsequent citations should give the first-named author 
followed by the words et a l . :

e.g. (McLaughlin, Bidstrup & Konstam, 1963); (McLaughlin et al. 1963).
Where more than one paper by the same author(s) has appeared in any one year, the references should be 
distinguished in the text and the bibliography by the letters, a, b, etc. following the citation of the year: 

e.g. 1943a, 1943b or (1943a,b). .

Footnotes. These as distinct from literature references should be avoided as far as possible. Where they are 
essential, reference is made by the symbols * t  t  § 1 1 1 ! in that order.

Illustrations and Diagrams. These should be kept to a m inim um  and they should be numbered and marked 
on the back with the author’s name. Legends accompanying illustrations should be typewritten on a separate  
sheet. Diagrams and graphs must be drawn in Indian ink on good quality paper or tracing linen. The follow
ing standard symbols should be used on line drawings since they are easily available to the printer:

A A B D « O O x O

Photographs and photomicrographs should be submitted unmounted and on glossy paper. When colour 
plates are to be printed, payment for blockmaking is the responsibility of the author.

Tables and Figures. These should be constructed so as to be intelligible without reference to the text, each 
table ar.d column being provided with a heading. The same information should not be reproduced in both 
tables and figures.

Chemical Nomenclature. The fundamental principles of organic and inorganic chemical nomenclature are 
laid down in the I.U.P.A.C. 1957 Rules (Butterworths Scientific Publications, London, 1958, 1959). These 
are given in H andbook fo r  C hem ical So c ie ty  A uthors (1961), pp. 16-163.

Other Nomenclature, Symbols and Abbreviations. In general, authors should follow the recommendations 
published in the H andbook fo r  C hem ical S o c ie ty  A uthors (1961), p. 164 and in the I .U .P .A .C . In form ation  
B ulle tin , No. 13, p. 64, Appendix B (1961). In the title and summary, abbreviations should be avoided; in 
the Introduction, Results and Discussion they should be used sparingly.

Page Proofs. These will be sent to the first-named author for correction.

Reprints. Reprints can be ordered on the form accompanying proofs.

Frequency. The Journal will be published bi-monthly.

P rin te d  in  G re a t  B r it a in  by A .  W h e ato n  &  C o .  L t d . ,  Exeter
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